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BIOLOGICAL  SCIENCES 

Division  of  Plant  Biology 

Desert  Laboratory,  opened  in  1903,  became  headquarters  of  Department  of  Botanical  Research  in  1905. 
Name  changed  to  Laboratory  for  Plant  Physiology  in  1923;  reorganized  in  1928  as  Division  of  Plant 
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E.  A.  Lowe  (The  Institute  for  Advanced  Study),  Paleography 
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OFFICES  OF  ADMINISTRATION 


Office  of  the  President 

Vannevar  Bush,  President 

Walter  M.  Gilbert,  Executive  Officer 

Samuel  Callaway,  President's  Secretary 


Office  of  Publications  and  Public  Relations 

,  Director 
Ailene  J.  Bauer,  Assistant  to  the  Director 
Dorothy  R.  Swift,  Editor 


Office  of  the  Bursar 

Earle  B.  Biesecker,  Bursar 

J.  Stanley  Lingebach,  Assistant  Bursar 


Investment  Office  {New  Yort^  City) 

Devereux  Josephs,  Investment  Officer 
Parker  Monroe,  Investment  Officer 


ORGANIZATION,  PLAN,  AND  SCOPE 

The  Carnegie  Institution  of  Washington  was  founded  by  Andrew  Carnegie, 
January  28,  1902,  when  he  gave  to  a  board  of  trustees  an  endowment  of  registered 
bonds  of  the  par  value  of  ten  million  dollars.  To  this  fund  an  addition  of  two 
million  dollars  was  made  by  Mr.  Carnegie  on  December  10,  1907,  and  a  further 
addition  of  ten  million  dollars  was  made  by  him  on  January  19,  191 1.  Further- 
more, the  income  of  a  reserve  fund  of  about  three  million  dollars,  accumulated 
in  accordance  with  the  founder's  specifications  in  191 1,  is  now  available  for  general 
use,  and  in  recent  years  a  total  of  ten  million  dollars  has  been  paid  by  the  Carnegie 
Corporation  of  New  York  as  increase  to  the  Endowment  Fund  of  the  Institution. 
The  Institution  was  originally  organized  under  the  laws  of  the  District  of  Columbia 
and  incorporated  as  the  Carnegie  Institution,  articles  of  incorporation  having  been 
executed  on  January  4,  1902.  The  Institution  was  reincorporated,  however,  by 
an  act  of  the  Congress  of  the  United  States,  approved  April  28,  1904,  under  the 
title  of  the  Carnegie  Institution  of  Washington.  (See  existing  Articles  of  Incorpora- 
tion on  following  pages.) 

Organization  under  the  new  Articles  of  Incorporation  was  effected  May  18,  1904, 
and  the  Institution  was  placed  under  the  control  of  a  board  of  twenty-four  trustees, 
all  of  whom  had  been  members  of  the  original  corporation.  The  trustees  meet 
annually  in  December  to  consider  the  affairs  of  the  Institution  in  general,  the  prog- 
ress of  work  already  undertaken,  and  the  initiation  of  new  projects,  and  to  make 
the  necessary  appropriations  for  the  ensuing  year.  During  the  intervals  between 
the  meetings  of  the  trustees  the  affairs  of  the  Institution  are  conducted  by  an  Execu- 
tive Committee  chosen  by  and  from  the  Board  of  Trustees  and  acting  through 
the  President  of  the  Institution  as  chief  executive  officer. 

The  Articles  of  Incorporation  of  the  Institution  declare  in  general  "that  the 
objects  of  the  corporation  shall  be  to  encourage,  in  the  broadest  and  most  liberal 
manner,  investigation,  research,  and  discovery,  and  the  application  of  knowledge 
to  the  improvement  of  mankind." 

The  Institution  is  essentially  an  operating  organization.  It  attempts  to  advance 
fundamental  research  in  fields  not  normally  covered  by  the  activities  of  other  agen- 
cies, and  to  concentrate  its  attention  upon  specific  problems,  with  the  idea  of  shift- 
ing attack  from  time  to  time  to  meet  the  more  pressing  needs  of  research  as  they 
develop  with  increase  of  knowledge.  Some  of  these  problems  require  the  collabora- 
tion of  several  investigators,  special  equipment,  and  continuous  effort.  Many  close 
relations  exist  among  activities  of  the  Institution,  and  a  type  of  organization  repre- 
senting investigations  in  astronomy,  in  terrestrial  sciences,  in  biological  sciences, 
and  in  historical  research  has  been  effected.  Conference  groups  on  various  subjects 
have  played  a  part  in  bringing  new  vision  and  new  methods  to  bear  upon  many 
problems.  Constant  efforts  are  made  to  facilitate  interpretation  and  application  of 
results  of  research  activities  of  the  Institution,  and  an  Office  of  Publications  and 
Public  Relations  provides  means  for  appropriate  publication. 
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ARTICLES  OF  INCORPORATION 

Public  No.  260.   An  Act  to  incorporate  the  Carnegie  Institution  of  Washington. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of 
America  in  Congress  assembled,  That  the  persons  following  being  persons  who  are 
now  trustees  of  the  Carnegie  Institution,  namely,  Alexander  Agassiz,  John  S.  Billings, 
John  L.  Cadwalader,  Cleveland  H.  Dodge,  William  N.  Frew,  Lyman  J.  Gage, 
Daniel  C.  Gilman,  John  Hay,  Henry  L.  Higginson,  William  Wirt  Howe,  Charles  L. 
Hutchinson,  Samuel  P.  Langley,  William  Lindsay,  Seth  Low,  Wayne  MacVeagh, 
Darius  O.  Mills,  S.  Weir  Mitchell,  William  W.  Morrow,  Ethan  A.  Hitchcock, 
Elihu  Root,  John  C.  Spooner,  Andrew  D.  White,  Charles  D.  Walcott,  Carroll  D. 
Wright,  their  associates  and  successors,  duly  chosen,  are  hereby  incorporated  and 
declared  to  be  a  body  corporate  by  the  name  of  the  Carnegie  Institution  of  Wash- 
ington and  by  that  name  shall  be  known  and  have  perpetual  succession,  with  the 
powers,  limitations,  and  restrictions  herein  contained. 

Sec.  2.  That  the  objects  of  the  corporation  shall  be  to  encourage,  in  the  broadest 
and  most  liberal  manner,  investigation,  research,  and  discovery,  and  the  applica- 
tion of  knowledge  to  the  improvement  of  mankind;  and  in  particular — 

(a)  To  conduct,  endow,  and  assist  investigation  in  any  department  of  science, 
literature,  or  art,  and  to  this  end  to  cooperate  with  governments,  universities,  col- 
leges, technical  schools,  learned  societies,  and  individuals. 

(b)  To  appoint  committees  of  experts  to  direct  special  lines  of  research. 

(c)  To  publish  and  distribute  documents. 

(d)  To  conduct  lectures,  hold  meetings,  and  acquire  and  maintain  a  library. 

(e)  To  purchase  such  property,  real  or  personal,  and  construct  such  building  or 
buildings  as  may  be  necessary  to  carry  on  the  work  of  the  corporation. 

(f)  In  general,  to  do  and  perform  all  things  necessary  to  promote  the  objects 
of  the  institution,  with  full  power,  however,  to  the  trustees  hereinafter  appointed 
and  their  successors  from  time  to  time  to  modify  the  conditions  and  regulations 
under  which  the  work  shall  be  carried  on,  so  as  to  secure  the  application  of  the 
funds  in  the  manner  best  adapted  to  the  conditions  of  the  time,  provided  that  the 
objects  of  the  corporation  shall  at  all  times  be  among  the  foregoing  or  kindred  thereto. 

Sec.  3.  That  the  direction  and  management  of  the  affairs  of  the  corporation  and 
the  control  and  disposal  of  its  property  and  funds  shall  be  vested  in  a  board  of  trus- 
tees, twenty -two  in  number,  to  be  composed  of  the  following  individuals:  Alexander 
Agassiz,  John  S.  Billings,  John  L.  Cadwalader,  Cleveland  H.  Dodge,  William  N. 
Frew,  Lyman  J.  Gage,  Daniel  C.  Gilman,  John  Hay,  Henry  L.  Higginson,  William 
Wirt  Howe,  Charles  L.  Hutchinson,  Samuel  P.  Langley,  William  Lindsay,  Seth 
Low,  Wayne  MacVeagh,  Darius  O.  Mills,  S.  Weir  Mitchell,  William  W.  Morrow, 
Ethan  A.  Hitchcoc\,  Elihu  Root,  John  C.  Spooner,  Andrew  D.  White,  Charles  D. 
Walcott,  Carroll  D.  Wright,  who  shall  constitute  the  first  board  of  trustees.  The 
board  of  trustees  shall  have  power  from  time  to  time  to  increase  its  membership 
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to  not  more  than  twenty-seven  members.  Vacancies  occasioned  by  death,  resigna- 
tion, or  otherwise  shall  be  filled  by  the  remaining  trustees  in  such  manner  as  the 
by-laws  shall  prescribe;  and  the  persons  so  elected  shall  thereupon  become  trustees 
and  also  members  of  the  said  corporation.  The  principal  place  of  business  of  the 
said  corporation  shall  be  the  city  of  Washington,  in  the  District  of  Columbia. 

Sec.  4.  That  such  board  of  trustees  shall  be  entitled  to  take,  hold,  and  administer 
the  securities,  funds,  and  property  so  transferred  by  said  Andrew  Carnegie  to  the 
trustees  of  the  Carnegie  Institution  and  such  other  funds  or  property  as  may  at  any 
time  be  given,  devised,  or  bequeathed  to  them,  or  to  such  corporation,  for  the  pur- 
poses of  the  trust;  and  with  full  power  from  time  to  time  to  adopt  a  common  seal, 
to  appoint  such  officers,  members  of  the  board  of  trustees  or  otherwise,  and  such 
employees  as  may  be  deemed  necessary  in  carrying  on  the  business  of  the  corpora- 
tion, at  such  salaries  or  with  such  remuneration  as  they  may  deem  proper;  and 
with  full  power  to  adopt  by-laws  from  time  to  time  and  such  rules  or  regulations 
as  may  be  necessary  to  secure  the  safe  and  convenient  transaction  of  the  business  of 
the  corporation;  and  with  full  power  and  discretion  to  deal  with  and  expend  the 
income  of  the  corporation  in  such  manner  as  in  their  judgment  will  best  promote 
the  objects  herein  set  forth  and  in  general  to  have  and  use  all  powers  and  authority 
necessary  to  promote  such  objects  and  carry  out  the  purposes  of  the  donor.  The 
said  trustees  shall  have  further  power  from  time  to  time  to  hold  as  investments 
the  securities  hereinafter  referred  to  so  transferred  by  Andrew  Carnegie,  and  any 
property  which  has  been  or  may  be  transferred  to  them  or  such  corporation  by 
Andrew  Carnegie  or  by  any  other  person,  persons,  or  corporation,  and  to  invest 
any  sums  or  amounts  from  time  to  time  in  such  securities  and  in  such  form  and 
manner  as  are  permitted  to  trustees  or  to  charitable  or  literary  corporations  for  in- 
vestment, according  to  the  laws  of  the  States  of  New  York,  Pennsylvania,  or  Massa- 
chusetts, or  in  such  securities  as  are  authorized  for  investment  by  the  said  deed  of 
trust  so  executed  by  Andrew  Carnegie,  or  by  any  deed  of  gift  or  last  will  and  testa- 
ment to  be  hereafter  made  or  executed. 

Sec.  5.  That  the  said  corporation  may  take  and  hold  any  additional  donations, 
grants,  devises,  or  bequests  which  may  be  made  in  further  support  of  the  purposes 
of  the  said  corporation,  and  may  include  in  the  expenses  thereof  the  personal  ex- 
penses which  the  trustees  may  incur  in  attending  meetings  or  otherwise  in  carrying 
out  the  business  of  the  trust,  but  the  services  of  the  trustees  as  such  shall  be  gratuitous. 

Sec.  6.  That  as  soon  as  may  be  possible  after  the  passage  of  this  Act  a  meeting 
of  the  trustees  hereinbefore  named  shall  be  called  by  Daniel  C.  Oilman,  John  S. 
Billings,  Charles  D.  Walcott,  S.  Weir  Mitchell,  John  Hay,  Elihu  Root,  and  Carroll  D. 
Wright,  or  any  four  of  them,  at  the  city  of  Washington,  in  the  District  of  Columbia, 
by  notice  served  in  person  or  by  mail  addressed  to  each  trustee  at  his  place  of  resi- 
dence; and  the  said  trustees,  or  a  majority  thereof,  being  assembled,  shall  organize 
and  proceed  to  adopt  by-laws,  to  elect  officers  and  appoint  committees,  and  generally 
to  organize  the  said  corporation;  and  said  trustees  herein  named,  on  behalf  of  the 
corporation  hereby  incorporated,  shall  thereupon  receive,  take  over,  and  enter  into 
possession,  custody,  and  management  of  all  property,  real  or  personal,  of  the  cor- 
poration heretofore  known  as  the  Carnegie  Institution,  incorporated,  as  hereinbefore 
set  forth  under  "An  Act  to  establish  a  Code  of  Law  for  the  District  of  Columbia, 
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January  fourth,  nineteen  hundred  and  two,"  and  to  all  its  rights,  contracts,  claims, 
and  property  of  any  kind  or  nature;  and  the  several  officers  of  such  corporation,  or 
any  other  person  having  charge  of  any  of  the  securities,  funds,  real  or  personal, 
books,  or  property  thereof,  shall,  on  demand,  deliver  the  same  to  the  said  trustees 
appointed  by  this  Act  or  to  the  persons  appointed  by  them  to  receive  the  same; 
and  the  trustees  of  the  existing  corporation  and  the  trustees  herein  named  shall 
and  may  take  such  other  steps  as  shall  be  necessary  to  carry  out  the  purposes  of 
this  Act. 

Sec.  7.  That  the  rights  of  the  creditors  of  the  said  existing  corporation  known  as 
the  Carnegie  Institution  shall  not  in  any  manner  be  impaired  by  the  passage  of  this 
Act,  or  the  transfer  of  the  property  hereinbefore  mentioned,  nor  shall  any  liability 
or  obligation  for  the  payment  of  any  sums  due  or  to  become  due,  or  any  claim 
or  demand,  in  any  manner  or  for  any  cause  existing  against  the  said  existing  cor- 
poration, be  released  or  impaired;  but  such  corporation  hereby  incorporated  is  de- 
clared to  succeed  to  the  obligations  and  liabilities  and  to  be  held  liable  to  pay 
and  discharge  all  of  the  debts,  liabilities,  and  contracts  of  the  said  corporation  so 
existing  to  the  same  effect  as  if  such  new  corporation  had  itself  incurred  the  obliga- 
tion or  liability  to  pay  such  debt  or  damages,  and  no  such  action  or  proceeding 
before  any  court  or  tribunal  shall  be  deemed  to  have  abated  or  been  discontinued 
by  reason  of  the  passage  of  this  Act. 

Sec.  8.  That  Congress  may  from  time  to  time  alter,  repeal,  or  modify  this  Act 
of  incorporation,  but  no  contract  or  individual  right  made  or  acquired  shall  thereby 
be  divested  or  impaired. 

Sec  9.  That  this  Act  shall  take  effect  immediately. 

Approved,  April  28,  1904. 
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Adopted  December  13,  1904.   Amended  December  13,  1910,  December  13,  1912, 
December  10,  1937,  December  15,  1939,  December  13,  1940,  and  December  18,  1942 

Article  I 

THE    TRUSTEES 

1.  The  Board  of  Trustees  shall  consist  of  twenty-four  members,  with  power  to 
increase  its  membership  to  not  more  than  twenty-seven  members.  The  Trustees 
shall  hold  office  continuously  and  not  for  a  stated  term. 

2.  In  case  any  Trustee  shall  fail  to  attend  three  successive  annual  meetings  of  the 
Board  he  shall  thereupon  cease  to  be  a  Trustee, 

3.  No  Trustee  shall  receive  any  compensation  for  his  services  as  such. 

4.  All  vacancies  in  the  Board  of  Trustees  shall  be  filled  by  the  Trustees  by  ballot. 
Sixty  days  prior  to  an  annual  or  a  special  meeting  of  the  Board,  the  President  shall 
notify  the  Trustees  by  mail  of  the  vacancies  to  be  filled  and  each  Trustee  may  sub- 
mit nominations  for  such  vacancies.  A  list  of  the  persons  so  nominated,  with  the 
names  of  the  proposers,  shall  be  mailed  to  the  Trustees  thirty  days  before  the  meet- 
ing, and  no  other  nominations  shall  be  received  at  the  meeting  except  with  the 
unanimous  consent  of  the  Trustees  present.  Vacancies  shall  be  filled  from  the 
persons  thus  nominated,  but  no  person  shall  be  declared  elected  unless  he  receives 
the  votes  of  two-thirds  of  the  Trustees  present. 

Article  II 

MEETINGS 

1.  The  annual  meeting  of  the  Board  of  Trustees  shall  be  held  in  the  City  of 
Washington,  in  the  District  of  Columbia,  on  the  first  Friday  following  the  second 
Thursday  of  December  in  each  year  unless  the  date  and  place  of  meeting  are  other- 
wise ordered  by  the  Executive  Committee. 

2.  Special  meetings  of  the  Board  may  be  called  by  the  Executive  Committee  by 
notice  served  personally  upon,  or  mailed  to  the  usual  address  of,  each  Trustee  twenty 
days  prior  to  the  meeting. 

3.  Special  meetings  shall,  moreover,  be  called  in  the  same  manner  by  the  Chairman 
upon  the  written  request  of  seven  members  of  the  Board. 

Article  III 

OFFICERS    OF    THE    BOARD 

i.  The  officers  of  the  Board  shall  be  a  Chairman  of  the  Board,  a  Vice-Chairman, 
and  a  Secretary,  who  shall  be  elected  by  the  Trustees,  from  the  members  of  the 
Board,  by  ballot  to  serve  for  a  term  of  three  years.  All  vacancies  shall  be  filled  by 
the  Board  for  the  unexpired  term;  provided,  however,  that  the  Executive  Com- 
mittee shall  have  power  to  fill  a  vacancy  in  the  office  of  Secretary  to  serve  until 
the  next  meeting  of  the  Board  of  Trustees. 

2.  The  Chairman  shall  preside  at  all  meetings  and  shall  have  the  usual  powers 
of  a  presiding  officer. 
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3.  The  Vice-Chairman,  in  the  absence  or  disability  of  the  Chairman,  shall  perform 
his  duties. 

4.  The  Secretary  shall  issue  notices  of  meetings  of  the  Board,  record  its  transactions, 
and  conduct  that  part  of  the  correspondence  relating  to  the  Board  and  to  his  duties. 

Article  IV 

EXECUTIVE   ADMINISTRATION 

The  President 

1.  There  shall  be  a  President  who  shall  be  elected  by  ballot  by,  and  hold  office 
during  the  pleasure  of,  the  Board,  who  shall  be  the  chief  executive  officer  of  the 
Institution.  The  President,  subject  to  the  control  of  the  Board  and  the  Executive 
Committee,  shall  have  general  charge  of  all  matters  of  administration  and  super- 
vision of  all  arrangements  for  research  and  other  work  undertaken  by  the  Institu- 
tion or  with  its  funds.  He  shall  devote  his  entire  time  to  the  affairs  of  the  Insti- 
tution. He  shall  prepare  and  submit  to  the  Board  of  Trustees  and  to  the  Executive 
Committee  plans  and  suggestions  for  the  work  of  the  Institution,  shall  conduct  its 
general  correspondence  and  the  correspondence  with  applicants  for  grants  and  with 
the  special  advisers  of  the  Committee,  and  shall  present  his  recommendations  in 
each  case  to  the  Executive  Committee  for  decision.  All  proposals  and  requests  for 
grants  shall  be  referred  to  the  President  for  consideration  and  report.  He  shall  have 
power  to  remove  and  appoint  subordinate  employees  and  shall  be  ex  officio  a 
member  of  the  Executive  Committee. 

2.  He  shall  be  the  legal  custodian  of  the  seal  and  of  all  property  of  the  Institution 
whose  custody  is  not  otherwise  provided  for.  He  shall  sign  and  execute  on  behalf 
of  the  corporation  all  contracts  and  instruments  necessary  in  authorized  adminis- 
trative and  research  matters  and  affix  the  corporate  seal  thereto  when  necessary, 
and  may  delegate  the  performance  of  such  acts  and  other  administrative  duties  in 
his  absence  to  the  Executive  Officer.  He  may  execute  all  other  contracts,  deeds, 
and  instruments  on  behalf  of  the  corporation  and  affix  the  seal  thereto  when  ex- 
pressly authorized  by  the  Board  of  Trustees  or  Executive  Committee.  He  may,  within 
the  limits  of  his  own  authorization,  delegate  to  the  Executive  Officer  authority  to 
act  as  custodian  of  and  affix  the  corporate  seal.  He  shall  be  responsible  for  the 
expenditure  and  disbursement  of  all  funds  of  the  Institution  in  accordance  with 
the  directions  of  the  Board  and  of  the  Executive  Committee,  and  shall  keep  accurate 
accounts  of  all  receipts  and  disbursements.  He  shall  submit  to  the  Board  of  Trustees 
at  least  one  month  before  its  annual  meeting  in  December  a  written  report  of  the 
operations  and  business  of  the  Institution  for  the  preceding  fiscal  year  with  his 
recommendations  for  work  and  appropriations  for  the  succeeding  fiscal  year,  which 
shall  be  forthwith  transmitted  to  each  member  of  the  Board. 

3.  He  shall  attend  all  meetings  of  the  Board  of  Trustees. 

4.  There  shall  be  an  officer  designated  Executive  Officer  who  shall  be  appointed  by 
and  hold  office  at  the  pleasure  of  the  President,  subject  to  the  approval  of  the  Execu- 
tive Committee.  His  duties  shall  be  to  assist  and  act  for  the  President  as  the  latter 
may  duly  authorize  and  direct. 
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5.  The  President  shall  retire  from  office  at  the  end  of  the  calendar  year  in  which 
he  becomes  sixty-five  years  of  age. 

Article  V 

COMMITTEES 

1.  There  shall  be  the  following  standing  Committees,  viz.  an  Executive  Committee, 
a  Finance  Committee,  and  an  Auditing  Committee. 

2.  The  Executive  Committee  shall  consist  of  the  Chairman  and  Secretary  of  the 
Board  of  Trustees  and  the  President  of  the  Institution  ex  officio  and,  in  addition, 
five  trustees  to  be  elected  by  the  Board  by  ballot  for  a  term  of  three  years,  who 
shall  be  eligible  for  re-election.  Any  member  elected  to  fill  a  vacancy  shall  serve 
for  the  remainder  of  his  predecessor's  term:  Provided,  however,  that  of  the  Execu- 
tive Committee  first  elected  after  the  adoption  of  these  by-laws  two  shall  serve  for 
one  year,  two  shall  serve  for  two  years,  and  one  shall  serve  for  three  years;  and  such 
Committee  shall  determine  their  respective  terms  by  lot. 

3.  The  Executive  Committee  shall,  when  the  Board  is  not  in  session  and  has 
not  given  specific  directions,  have  general  control  of  the  administration  of  the  affairs 
of  the  corporation  and  general  supervision  of  all  arrangements  for  administration, 
research,  and  other  matters  undertaken  or  promoted  by  the  Institution;  shall  ap- 
point advisory  committees  for  specific  duties;  shall  determine  all  payments  and 
salaries;  and  keep  a  written  record  of  all  transactions  and  expenditures  and  submit 
the  same  to  the  Board  of  Trustees  at  each  meeting,  and  it  shall  also  submit  to  the 
Board  of  Trustees  a  printed  or  typewritten  report  of  each  of  its  meetings,  and  at 
the  annual  meeting  shall  submit  to  the  Board  a  report  for  publication.  The  Execu- 
tive Committee  shall  have  power  to  authorize  the  purchase,  sale,  exchange,  or 
transfer  of  real  estate. 

4.  The  Executive  Committee  shall  have  general  charge  and  control  of  all  ap- 
propriations made  by  the  Board. 

5.  The  Finance  Committee  shall  consist  of  ^.vt  members  to  be  elected  by  the 
Board  of  Trustees  by  ballot  for  a  term  of  three  years. 

6.  The  Finance  Committee  shall  have  custody  of  the  securities  of  the  corporation 
and  general  charge  of  its  investments  and  invested  funds,  and  shall  care  for  and 
dispose  of  the  same  subject  to  the  directions  of  the  Board  of  Trustees.  It  shall  have 
power  to  authorize  the  purchase,  sale,  exchange,  or  transfer  of  securities  and  to 
delegate  this  power.  It  shall  consider  and  recommend  to  the  Board  from  time  to 
time  such  measures  as  in  its  opinion  will  promote  the  financial  interests  of  the 
Institution,  and  shall  make  a  report  at  each  meeting  of  the  Board. 

7.  The  Auditing  Committee  shall  consist  of  three  members  to  be  elected  by  the 
Board  of  Trustees  by  ballot  for  a  term  of  three  years. 

8.  The  Auditing  Committee  shall,  before  each  annual  meeting  of  the  Board  of 
Trustees,  examine  the  accounts  of  business  transacted  under  the  Finance  Committee 
and  the  Executive  Committee.  They  may  avail  themselves  at  will  of  the  services 
and  examination  of  the  Auditor  appointed  by  the  Board  of  Trustees.  They  shall 
report  to  the  Board  upon  the  collection  of  moneys  to  which  the  Institution  is  entitled, 
upon  the  investment  and  reinvestment  of  principal,  upon  the  conformity  of  expend- 
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itures  to  appropriations,  and  upon  the  system  of  bookkeeping,  the  sufficiency  of 
the  accounts,  and  the  safety  and  economy  of  the  business  methods  and  safeguards 
employed. 

9.  All  vacancies  occurring  in  the  Executive  Committee  and  the  Finance  Committee 
shall  be  filled  by  the  Trustees  at  the  next  regular  meeting.  In  case  of  vacancy  in 
the  Finance  Committee  or  the  Auditing  Committee,  upon  request  of  the  remain- 
ing members  of  such  committee,  the  Executive  Committee  may  fill  such  vacancy 
by  appointment  until  the  next  meeting  of  the  Board  of  Trustees. 

10.  The  terms  of  all  officers  and  of  all  members  of  committees  shall  continue  until 
their  successors  are  elected  or  appointed. 

Article  VI 

FINANCIAL  ADMINISTRATION 

i.  No  expenditure  shall  be  authorized  or  made  except  in  pursuance  of  a  previ- 
ous appropriation  by  the  Board  of  Trustees,  or  as  provided  in  Article  V,  paragraph 
6,  hereof. 

2.  The  fiscal  year  of  the  Institution  shall  commence  on  the  first  day  of  November 
in  each  year. 

3.  The  Executive  Committee,  at  least  one  month  prior  to  the  annual  meeting  in 
each  year,  shall  cause  the  accounts  of  the  Institution  to  be  audited  by  a  skilled  ac- 
countant, to  be  appointed  by  the  Board  of  Trustees,  and  shall  submit  to  the  annual 
meeting  of  the  Board  a  full  statement  of  the  finances  and  work  of  the  Institution 
and  a  detailed  estimate  of  the  expenditures  of  the  succeeding  year. 

4.  The  Board  of  Trustees,  at  the  annual  meeting  in  each  year,  shall  make  general 
appropriations  for  the  ensuing  fiscal  year;  but  nothing  contained  herein  shall  pre- 
vent the  Board  of  Trustees  from  making  special  appropriations  at  any  meeting. 

5.  The  securities  of  the  Institution  and  evidences  of  property,  and  funds  invested 
and  to  be  invested,  shall  be  deposited  in  such  safe  depository  or  in  the  custody  of 
such  trust  company  and  under  such  safeguards  as  the  Trustees  and  Finance  Com- 
mittee shall  designate;  and  the  income  available  for  expenditure  of  the  Institution 
shall  be  deposited  in  such  banks  or  depositories  as  may  from  time  to  time  be  desig- 
nated by  the  Executive  Committee. 

6.  Any  trust  company  entrusted- with  the  custody  of  securities  by  the  Finance 
Committee  may,  by  resolution  of  the  Board  of  Trustees,  be  made  Fiscal  Agent  of 
the  Institution,  upon  an  agreed  compensation,  for  the  transaction  of  the  business 
coming  within  the  authority  of  the  Finance  Committee. 

Article  VII 

AMENDMENT    OF    BY-LAWS 

i.  These  by-laws  may  be  amended  at  any  annual  or  special  meeting  of  the  Board 
of  Trustees  by  a  two-thirds  vote  of  the  members  present,  provided  written  notice 
of  the  proposed  amendment  shall  have  been  served  personally  upon,  or  mailed  to 
the  usual  address  of,  each  member  of  the  Board  twenty  days  prior  to  the  meeting. 
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ABSTRACT  OF  MINUTES  OF  THE  FORTY-SIXTH  MEETING  OF 

THE  BOARD  OF  TRUSTEES 

The  meeting  was  held  in  New  York,  N.  Y.,  in  the  Board  Room  of  the  Carnegie 
Corporation  of  New  York,  on  Friday,  December  15,  1944.  It  was  called  to  order 
at  11:20  a.m.  by  the  Chairman,  Mr.  Forbes. 

Upon  roll  call,  the  following  Trustees  responded:  James  F.  Bell,  Robert  Woods 
Bliss,  Lindsay  Bradford,  Frederic  A.  Delano,  Homer  L.  Ferguson,  W.  Cameron 
Forbes,  Walter  S.  GifTord,  Herbert  Hoover,  Frank  B.  Jewett,  Alfred  L.  Loomis, 
Roswell  Miller,  Henry  S.  Morgan,  Seeley  G.  Mudd,  Henning  W.  Prentis,  Jr.,  Elihu 
Root,  Jr.,  Henry  R.  Shepley,  Richard  P.  Strong,  Charles  P.  Taft,  Frederic  C.  Walcott, 
and  Lewis  H.  Weed.  The  President  of  the  Institution,  Vannevar  Bush,  was  also 
in  attendance. 

The  minutes  of  the  forty-fifth  meeting  were  approved  as  printed  and  submitted 
to  the  members  of  the  Board. 

Reports  of  the  President,  the  Executive  Committee,  the  Auditor,  the  Finance 
Committee,  the  Auditing  Committee,  and  of  Chairmen  of  Divisions,  Directors  of 
Departments,  and  Research  Associates  of  the  Institution  were  presented  and  con- 
sidered. 

Upon  motion  it  was 

Resolved,  That  the  Board  of  Trustees  of  the  Carnegie  Institution  of  Washington  expresses 
its  deep  appreciation  to  the  Trustees  of  the  Carnegie  Corporation  of  New  York  for  financial 
support  of  the  research  program  of  the  Institution  granted  in  recent  years  by  the  Corpora- 
tion, with  special  reference  to  the  liberal  addition  of  $5,000,000  to  the  Endowment  Fund  of 
the  Institution.  Such  substantial  encouragement  has  enabled  the  Institution  to  meet  emer- 
gency needs  and  will  permit  plans  for  continuation  and  extension  of  research  activities 
which  have  direct  application  in  development  of  new  knowledge  for  the  improvement  of 
mankind,  the  purpose  for  which  the  Institution  was  founded. 

The  following  appropriations  for  the  year  1945  were  authorized: 

Pension  Fund   $75,000 

Administration  (including  expenses  of  Investment  Office  and  of  Insurance) ....  128,492 

Publications  (including  expenses  of  Office  of  Publications  and  Public  Relations)  48,700 

Departmental  Research  Operations 964,468 


$1,216,660 


The  Chairman  reported  the  death  of  Walter  A.  Jessup  and  the  retirement  of 
John  J.  Pershing.  As  a  result  of  balloting,  Ernest  O.  Lawrence,  Professor  of  Physics 
of  the  University  of  California,  and  Juan  T.  Trippe,  President  of  Pan  American 
Airways,  were  unanimously  elected  to  fill  existing  vacancies  in  the  Board. 

Walter  S.  GifTord  and  Frederic  C.  Walcott  were  re-elected  members  of  the  Execu- 
tive Committee  for  a  period  of  three  years,  and  Robert  Woods  Bliss  was  elected  to 
succeed  Dr.  Jessup  as  a  member  of  this  committee  for  the  term  ending  in  1945. 
Lindsay  Bradford  and  Henning  W.  Prentis  were  re-elected  members  of  the  Finance 
Committee  for  a  period  of  three  years. 

The  meeting  adjourned  at  1  :oo  p.m. 
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REPORT  OF  THE  EXECUTIVE  COMMITTEE 
For  the  Year  Ending  October  31,  1944 

To  the  Trustees  of  the  Carnegie  Institution  of  Washington : 

Gentlemen  :  Article  V,  section  3  of  the  By-Laws  provides  that  the  Executive  Com- 
mittee shall  submit,  at  the  annual  meeting  of  the  Board  of  Trustees,  a  report  for 
publication;  and  Article  VI,  section  3  provides  that  the  Executive  Committee  shall 
also  submit,  at  the  same  time,  a  full  statement  of  the  finances  and  work  of  the 
Institution  and  a  detailed  estimate  of  the  expenditures  for  the  succeeding  year.  In 
accordance  with  these  provisions,  the  Executive  Committee  herewith  respectfully 
submits  its  report  for  the  fiscal  year  ending  October  31,  1944. 

During  this  year ,  the  Executive  Committee  held  five  meetings,  printed  reports 
of  which  have  been  mailed  to  each  Trustee  and  constitute  a  part  of  this  report. 
Attention  is  called  to  the  following  resolution  authorized  at  the  meeting  of  March 
16, 1944,  concerning  addition  of  $5,000,000  to  the  Endowment  Fund  of  the  Institution: 

Resolved,  That  the  Executive  Committee  of  the  Carnegie  Institution  of  Washington 
desires  to  express  to  the  Trustees  of  the  Carnegie  Corporation  of  New  York  its  sincere 
appreciation  of  their  action  in  providing  a  substantial  addition  to  the  Endowment  Fund 
of  the  Institution.  This  liberal  grant  will  enable  the  Carnegie  Institution  to  meet  the 
future  with  confidence  in  its  ability  to  maintain  the  integrity  of  its  organization,  and  to 
provide  for  future  achievements  in  research. 

A  statement  of  activities  of  the  Institution  is  contained  in  the  report  of  the 
President,  which  has  been  considered  and  approved  by  the  Executive  Com- 
mittee, and  is  submitted  herewith.  Increasing  requests  for  use  of  facilities  and 
resources  of  the  Institution  in  carrying  on  war  research  under  contracts  with 
the  Government  have  resulted  in  full-time  operation  of  many  departments  of 
the  Institution  in  the  national  interest.  The  detailed  estimate  of  expenditures 
for  the  succeeding  year  contained  in  the  report  of  the  President  has  been  considered 
by  the  Executive  Committee,  which  has  approved  the  recommendations  of  the  Presi- 
dent in  respect  thereto  and  has  provisionally  approved  the  budget  estimates  based 
thereon  and  submitted  therewith.  Close  attention  has  been  given  both  by  the 
Executive  Committee  and  by  the  Finance  Committee  to  the  question  of  availability 
of  funds  for  Institution  activities  in  1945,  and  budget  recommendations  are  based 
upon  the  judgment  of  these  Committees  with  respect  to  financial  policy  during 
the  present  national  emergency. 

The  Board  of  Trustees,  at  its  meeting  of  December  7,  1943,  appointed  Price, 
Waterhouse  and  Company  to  audit  the  accounts  of  the  Institution  for  the  fiscal 
year  ending  October  31,  1944.  The  report  of  the  Auditor,  including  a  balance 
sheet  showing  assets  and  liabilities  of  the  Institution  on  October  31,  1944,  is  sub- 
mitted as  a  part  of  the  report  of  the  Executive  Committee. 

In  addition  to  the  report  of  the  Auditor  there  is  also  submitted  a  financial  statement 
for  the  fiscal  year  ending  October  31,  1944,  showing  funds  available  for  expenditure 

xxi 


and  amounts  allotted  by  the  Executive  Committee,  a  customary  statement  of  receipts 
and  disbursements  since  the  organization  of  the  Institution  on  January  28,  1902,  and 
a  schedule  of  real  estate  and  equipment  at  original  cost.  These  statements  together 
with  the  tables  in  the  Auditor's  report  comprise  a  full  statement  of  the  finances  of 
the  Institution. 

Two  vacancies  exist  in  the  membership  of  the  Board  of  Trustees  by  reason  of  the 
retirement  of  John  J.  Pershing,  and  of  the  death  of  Walter  A.  Jessup  on  July  5,  1944. 
Nominations  to  fill  vacancies  have  been  requested,  received,  and  distributed  in 
accordance  with  provisions  of  the  By-Laws,  and  such  nominations  will  be  submitted 
to  the  Board  at  its  meeting  on  December  15,  1944. 

The  death  of  Dr.  Jessup  leaves  a  vacancy  in  the  Executive  Committee.  Tenure  of 
office  of  Messrs.  GifTord  and  Walcott  as  members  of  the  Executive  Committee  and 
of  Messrs.  Bradford  and  Prentis  as  members  of  the  Finance  Committee  expire  at 
the  annual  meeting. 

W.   Cameron   Forbes,    Chairman 
Vannevar  Bush 
Frederic  A.  Delano 
Walter  S.  Gifford 
Henry  R.  Shepley 
Frederic  C.  Walcott 
Lewis  H.  Weed 
November  1,  1944 
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Real  Estate  and  Equipment,  Original  Cost 

Administration  (October  31,  1944) 
Washington,  D.  C. 

Building,  site,  and  equipment $848,627.84 

Division  of  Plant  Biology  (September  30,  1944) 
Stanford  University,  California  (Headquarters) 

Buildings  and  grounds $74,125.72 

Laboratory 40,500.38 

Library 26,184.33 

Operating  equipment 14 ,  062  .  14         154 ,  872 .  57 

Department  of  Embryology  (September  30,  1944) 
Wolfe  and  Madison  Streets,  Baltimore,  Maryland 

Library $4,363.05 

Laboratory 18,988.40 

Administration 7,989.55  31,341.00 

Department  of  Genetics  (September  30,  1944) 
Cold  Spring  Harbor,  Long  Island,  New  York 

Buildings,  grounds,  and  field $292 ,  034 .  35 

Operating  equipment 33 ,  650 .  00 

Laboratory  apparatus 37 ,448 .  13 

Library 53,501.16 

Archives 45,488.90         462,122.54 

Geophysical  Laboratory  (September  30,  1944) 
2801  Upton  Street  N.W.,  Washington,  D.  C. 

Building,  library,  and  operating  appliances $291,859.42 

Laboratory  apparatus 171 ,304.96 

Shop  equipment 21,103.00         484,267.38 

Division  of  Historical  Research  (September  30,  1944) 
10  Frisbie  Place,  Cambridge,  Massachusetts 

Operating  equipment $28 ,710.07 

Library 14,413.87  43, 123.94 

Nutrition  Laboratory  (September  30,  1944) 
29  Blackfan  Street,  Boston,  Massachusetts 

Building,  office,  shop,  and  library $134,513.43 

Laboratory  apparatus 32,611 .21         167, 124.64 

Mount  Wilson  Observatory  (September  30,  1944) 
Pasadena,  California 

Buildings  and  grounds $222 , 458 .  33 

Shop  equipment 48 ,  05 1 .  67 

Instruments 685 ,281.21 

Furniture  and  operating  appliances 149,801 .49 

Hooker  100-inch  reflector 638,529.83     1,744,122.53 

Department  of  Terrestrial  Magnetism  (September  30,  1944) 
5241  Broad  Branch  Road  N.W.,  Washington,  D.  C. 

Building,  site,  and  office $255 ,  93 1 .  60 

Survey  equipment 93 , 5 1 2  .  89 

Instruments,  laboratory,  and  shop  equipment 472, 286 .90         821,731.39 

$4,757,333.83 
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REPORT  OF  AUDITORS 

To  the  Board  of  Trustees 
Carnegie  Institution  of  Washington 
Washington,  D.  C. 

We  have  made  an  examination  of  the  attached  balance  sheet  of  Carnegie  Institution  of 
Washington  (and  supporting  schedule  of  securities  owned)  as  of  October  31,  1944  and 
the  related  statement  of  cash  receipts  and  disbursements  for  the  fiscal  year  then  ended.  In 
connection  therewith,  we  obtained  confirmations  from  the  custodian,  Guaranty  Trust  Com- 
pany of  New  York,  as  to  the  securities  owned  by  the  Institution  and  held  in  safekeeping  at 
October  31,  1944  and  from  the  depositaries  as  to  the  cash  balances  in  banks  at  that  date. 
The  interest  coupons  maturing  during  the  fiscal  year  on  bonds  owned  were  accounted  for, 
and  the  dividends  received  during  the  year  on  stocks  owned  were  compared  with  published 
dividend  records.  The  recorded  cash  receipts  were  traced  to  deposits  shown  on  the  bank 
statements,  and  paid  checks  (except  checks  of  recent  date  aggregating  $66,893  not  yet 
received  from  the  bank  and  possibly  lost  in  transit)  and  approved  vouchers  were  inspected 
in  support  of  the  head  office  disbursements.  We  did  not  visit  the  branch  offices  of  the 
Institution  but  we  reviewed  internal  audit  reports  of  the  Bursar  covering  examinations  of 
the  branch  records  during  the  year  and  it  appeared  that  the  internal  audits  were  satisfac- 
torily conducted.  We  also  inspected  certified  copies  of  the  minutes  of  meetings  of  the 
Board  of  Trustees  and  the  Executive  Committee  with  respect  to  the  appropriations  and 
allotments  for  the  year.  We  have  not  examined  the  financial  statements  of  the  Institution 
as  of  October  31,  1943  and  have  accepted  the  balances  as  of  that  date  as  shown  in  the  report 
of  other  independent  public  accountants. 

The  securities  are  stated  at  cost,  amortized  cost,  or  value  at  date  acquired.  In  accordance 
with  a  recommendation  made  in  February  1940  by  the  Institution's  Finance  Committee, 
premiums  on  bonds  purchased  subsequent  to  January  1,  1940  are  being  amortized  on  a 
straight-line  basis  to  the  dates  on  which  the  bonds  are  first  callable  or  payable  at  par.  The 
amortization  of  such  premiums  applicable  to  the  year  ended  October  31,  1944  amounted  to 
$13,080.  Real  estate  and  equipment  are  stated  at  cost,  and  books  on  hand  for  sale  are 
carried  at  sales  prices.  In  accordance  with  accepted  practice  no  provision  has  been  made 
for  depreciation  of  property  owned  by  the  Institution. 

In  accordance  with  established  custom  of  the  Institution,  the  budget  appropriations  are 
made  for  the  calendar  year  whereas  the  annual  financial  statements  are  prepared  for  the 
fiscal  year  ending  October  31.  The  balance  of  income  for  1944,  applicable  to  the  months 
of  November  and  December,  is  accordingly  included  in  the  assets  of  the  General  Fund  at 
October  31,  1944  and  the  unexpended  appropriations  and  allotments  at  that  date  are 
reflected  in  the  current  obligations  shown  on  the  balance  sheet. 

In  our  opinion,  with  the  foregoing  explanations,  the  accompanying  balance  sheet  and 
related  statement  of  cash  receipts  and  disbursements  present  fairly  the  position  of  Carnegie 
Institution  of  Washington  at  October  31,  1944  and  the  cash  transactions  for  the  year  ended 
on  that  date. 

Price,  Waterhouse  &  Co. 

Washington,  D.  C. 

November  27,  1944 
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FOR  THE  YEAR  ENDING  OCTOBER  31,  1944 


REPORT  OF  THE  PRESIDENT 

OF  THE 

CARNEGIE  INSTITUTION  OF  WASHINGTON 


The  By-Laws  of  the  Institution  provide 
for  an  annual  report  by  the  President,  in 
order  that  the  Trustees  may  be  better 
enabled  to  judge  of  its  progress  and  de- 
termine its  policies.  This  report  will,  like 
the  reports  of  the  past  few  years,  present 
very  little  regarding  results  of  research, 
for  most  of  these  have  been  confidentially 
reported  to  the  Government  and  will  ap- 
pear only  gradually  and  under  control. 
There  is  much  to  be  considered,  however, 
in  regard  to  programs  and  policies;  for  the 
Institution  will  soon,  it  is  to  be  hoped, 
return  to  its  normal  paths  of  public  re- 
search for  the  common  good;  and  the 
transition  from  war  to  peace  will  present 
many  problems. 

The  staff  is  eager  to  relinquish  its  war 
duties  and  to  return  to  more  fundamental 
and  satisfying  research.  The  President,  for 
one,  looks  forward  with  enthusiasm  to  the 
time  when  his  full  effort  can  be  devoted 
to  the  Institution  and  when  he  can  join 
his  colleagues  in  planning  for  its  future 
accomplishments.  There  will  be  a  reaction 
among  the  staff  when  the  war  ends,  just 
as  there  will  in  the  entire  country;  men 
will  be  weauy,  and  it  will  not  be  too  easy 
to  turn  from  the  hectic  pace  of  war  re- 
search to  the  orderly  deliberation  that  is 
more  effective  for  the  advancement  of 
knowledge  in  intricate  fields.  The  thing  to 
do,  evidently,  is  to  obtain  such  interval  of 
respite  as  will  be  necessary  for  readjust- 
ment and  relaxation,  and  then  to  start 
together  and  deliberately  a  long  pull  to- 
ward distant  but  important  objectives. 


If  we  have  learned  anything  whatever 
out  of  recent  experience,  military  research 
will  continue  after  the  end  of  the  war  on 
a  more  extensive  basis  than  was  the  case 
between  wars.  It  will  be  a  part  of  a  general 
effort  not  to  relax  completely  into  lethargy 
regarding  our  own  protection.  We  have 
twice  been  fortunate,  as  allies  have  held  off 
aggressors  while  we  prepared,  and  we  are 
not,  I  trust,  likely  to  be  caught  as  seriously 
unprepared  again.  There  is  a  conviction 
that  we  must  participate  actively  in  definite 
efforts  to  maintain  the  peace,  and  at  the 
same  time  keep  our  powder  dry,  but  it 
remains  to  be  seen  how  far  this  realistic 
attitude  can  this  time  be  maintained. 
There  will  again  be  the  tendency  to  ra- 
tionalize our  views  of  history  in  such  a 
manner  as  to  justify  easy  ways.  There  will 
once  more  be  idealists  who  will  mistake 
desire  for  accomplishment.  Unfortunately 
there  will  always  be  those  persuasive  ones 
who  will  imply  that  grappling  with  the 
hard  facts  of  life  is  for  lesser  minds,  and 
that  war  can  be  avoided  by  abolishing  the 
thought  of  it  locally  rather  than  uni- 
versally. Ours  will  be  an  exceedingly  at- 
tractive country  to  build  and  fashion,  and 
the  temptation  to  forget  will  be  great.  Yet 
two  wars  in  a  generation  must  have  made 
their  imprint,  and  there  will  be  a  continu- 
ing demand  that  we  do  not  lapse  entirely 
into  self-imposed  provincial  ignorance  of 
world  trends  and  their  potential  effect 
upon  our  way  of  life.  The  world  has  the 
best  opportunity  possible  for  a  long  peace, 
if   we   really   remain   strong   and   do   our 
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part.  An  essential  ingredient  is  continuing  departed    from    its    customary    modes    of 

attention  to  the  possible  military  applica-  operation  for  a  time  under  necessity,  and  is 

tions  of  expanding  science.  These  we  must  anxious    to    return.    In    normal    times    it 

know,  and  the  provisions  for  ensuring  that  would  not  be  expected  that  the  Institution 

we  do,  in  the  years  before  us,  are  of  great  would  be  inclined  to  participate  directly 

importance  to  the  welfare  of  this  country,  in  military  research;  such  research  can  be 

Yet   military   science   is   science   of   the  done  more  appropriately  and  hence  better 

most  blatantly  applied  type,  and  the  Insti-  and  with  less  disruption  by  organizations 

tution    has   been    devoted    throughout   its  whose  work  is  closer  to  definite  applica- 

existence  to  basic  science  at  the  opposite  tion.    Individuals   in   the   Institution   will 

extreme.    There  was  probably  no  organi-  undoubtedly   continue   their   interest   and 

zation  in  the  country  that  had  to  make  a  influence  in  many  cases  and  will  partici- 

more  radical  adjustment  of  its  methods  of  pate  in  scientific  advisory  activities  and  the 

thought  in  order  to  participate  effectively  like.    Soon,    however,    the    Institution   as 

in  the  conduct  of  war.    The  fact  that  it  such  will  be  able  to  terminate  its  military 

has  done  so  by  no  means  indicates  that  it  research  with  a  clear  conscience  and  return 

has  altered  its  philosophy;  it  has  merely  to  normal  ways. 

Plans  for  the  Future 

When  this  occurs  the  Institution  will  In  approaching  the  future  we  need  not 
have  a  rare  opportunity  to  make  a  fresh  be  slaves  to  the  past.  True,  our  programs 
start.  It  is  well,  in  the  affairs  of  any  must  fit  our  facilities  and  the  qualifications 
organization,  to  pause  at  times  to  take  of  our  staff,  but  we  do  not  need  to  follow 
account  of  stock  and  redefine  aims.  The  a  path  merely  because  we  have  followed 
pause  in  this  instance  is  imposed  upon  us,  it  a  long  time.  We  should  follow  it  only 
but  it  can  be  seized  upon  and  taken  ad-  if  re-examination  shows  that  the  path  is 
vantage  of.  Much  of  our  planning  must  good  and  leads  to  a  genuinely  worth- 
nevertheless  wait,  for  the  very  good  reason  while  goal. 

that  we  wish  members  of  our  staff  now  The    most    important    element    of    our 

absent  to  participate  in  the  planning,  and  planning    is    the    definition    of    the    pro- 

also  because  we  wish  to  approach  at  least  grams  of  the  several  departments.    These 

the    tougher    parts    when    reasonably    re-  should  never  be  so  rigid  as  to  exclude  the 

freshed.     This    report    of    the    President,  seizure  of   unexpected   opportunities,   but 

therefore,  in  which  as  always  the  attempt  neither  should  they  be  left  floating  in  the 

is  made  to  interpret  and  place  before  the  air.    We  should  be  willing  courageously 

Trustees  the  group  aspirations  and  opin-  to  attempt  to  state  what  it  is  that  we  wish 

ions  of  the   staff,  will  comment   upon   a  to   find   out   as   a   result   of   our   research 

number   of  matters  that   seem  to  be   in-  efforts  and  why  we  wish  to  know  it.    It 

volved  in  preparing  for  a  new  start,  but  will  take  courage  also  to  eliminate  growths 

will  not  attempt  to  place  many  of  them  that  do  not  contribute  to  the  main  stem, 

in  form  for  definite  action  through  adop-  or  have  their  own  worth-while  objectives, 

tion  of  policies  or  otherwise.  Most  of  these  Programs  of  research  groups  are  usually 

matters    require    more    thought    than    we  constructed,   in   the   last   analysis,   by   the 

have  yet  had  time  to  give  them.  groups   themselves;    for   there   is   nothing 
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more  true  than  that  it  is  impossible  to  con- 
duct research  on  more  than  a  mediocre 
plane  unless  the  objectives  reflect  the  as- 
pirations of  those  who  are  to  achieve  them. 
The  Institution  needs  men  of  diverse  tal- 
ents and  even  of  diverse  caliber,  for  mod- 
ern research  is  usually  an  affair  of  well 
constituted  teams,  but  we  cannot  tolerate 
mediocrity  in  our  objectives  or  our  ulti- 
mate accomplishments.  The  initiative  to- 
ward the  formation  of  programs  should 
come  from  the  staffs  of  the  several  depart- 
ments, guided  and  correlated  in  their  stud- 
ies by  their  directors.  These  will  need 
review,  for  the  plans  of  any  group  of 
enthusiasts  will  always  need  evaluation  by 
those  who  view  the  situation  more  gener- 
ally and  with  detachment,  and  they  will 
be  better  plans  if  they  are  convincingly 
prepared.  In  due  time  it  will  be  the 
pleasant  duty  of  the  President  to  consult 
with  members  and  directors  during  their 
deliberations  and  to  interpret  plans  to 
the  Trustees  as  their  potential  values  are 
weighed. 

An  adequate  approach  to  the  formula- 
tion of  long-range  programs  of  research 
in  the  several  departments  can  be  made 
only  if  there  is  a  clear  grasp  of  the  aims 
of  the  Institution  as  a  whole.  Its  object, 
as  recited  in  the  Articles  of  Incorporation, 
is  "to  encourage,  in  the  broadest  and  most 
liberal  manner,  investigation,  research,  and 
discovery,  and  the  application  of  knowl- 
edge to  the  improvement  of  mankind." 
Before  a  program  can  be  constructed  with 
assurance  it  is  necessary  to  be  somewhat 
more  explicit.  New  knowledge  can  be  of 
value  because  its  application  enables  man 
to  cope  more  adequately  with  his  environ- 
ment, to  provide  shelter,  food,  and  cloth- 
ing on  a  more  satisfactory  scale  and  to 
greater  numbers,  to  enrich  lives  by  im- 
provements in  communication  and  trans- 


portation, or  to  maintain  well-being  by  a 
more  successful  struggle  with  disease. 
When  the  object  is  thus  clear,  the  formu- 
lation is  relatively  straightforward,  and  the 
natural  function  of  the  Institution  is  to  lay 
the  groundwork  by  fundamental  research 
as  a  basis  for  further  advance.  New 
knowledge,  however,  may  also  be  of  value 
to  mankind  by  the  enrichment  of  intel- 
lectual life,  the  extension  of  the  bound- 
aries of  vision,  and  the  more  complete 
appreciation  of  the  extraordinary  setting 
in  which  the  spark  of  intellect  flares  up 
for  its  brief  adventure  in  living.  Such  an 
objective  is  certainly  no  less  worthy  than 
one  that  is  more  concrete,  but  its  pursuit 
is  more  subtle.  No  one  can  tell  completely 
in  advance  what  may  follow  upon  the  ad- 
dition of  the  least  increment  to  the  sum 
total  of  human  knowledge.  Still,  it  is 
possible  to  have  some  standards,  and  some 
estimation  of  relative  importance.  A  re- 
search result  which  will  be  known  and 
appreciated  by  only  a  handful  of  specialists 
may  be  of  great  importance  if  it  extends 
their  efforts  substantially  toward  a  com- 
mon goal.  A  research  result  which  be- 
comes known  to  millions  may  indeed  be 
trivial  in  its  effect  on  the  progress  of  sound 
science.  Yet  there  is  a  great  body  of  in- 
vestigative work  which  is  aimed  at  broad- 
ening and  deepening  the  cultural  pattern 
of  the  people,  and  it  seems  only  reasonable 
that  such  effort  should  be  accompanied 
by  at  least  some  conception  as  to  how  this 
cultural  enrichment  is  to  be  accomplished, 
beyond  the  mere  act  of  placing  the  result 
of  the  research  in  the  scientific  record. 
The  Institution,  because  of  the  broad  na- 
ture of  its  work,  has  an  opportunity  for 
interpretation  and  dissemination.  In  some 
fields  this  seems  to  be  an  essential  part  of 
a  rounded  effort,  and  it  is  not  altogether 
satisfactory    to    have   it    done   entirely    by 
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others.  It  appears  that  reasonable  and  dig-  commercial  benefit  of  alert  industrial  or- 

nified   provision    for    such    efforts    might  ganizations,  the  result  would  not  only  be 

well  appear  in  our  plans.  inequitable,    it    would   be    destructive   of 

The  next  most  important  task,-  as  we  internal  morale.   There  is  no  problem  in 

face  a  promising  future,  is  to  make  sure  the   way   in   which   our   scientific   group 

our  internal  policies  and  our  external  re-  mingles  with  scientists  generally,  and  there 

lations  are  in  sound  condition  for  the  task  are  only  very  minor  problems  in  our  rela- 

in  hand.  We  have  a  set  of  policies  and  a  tions  with  universities.  Our  research  is  so 

considerable  amount  of  tradition  as  our  fundamental  and  basic  that  there  are  no 

guide,  but  in  a  number  of  aspects  they  problems  in  connection  with  our  relations 

warrant  re-examination.  Whether  we  need  with   industry   which   cannot   readily   be 

to  arrive  at  a  set  of  explicit  written  poli-  surmounted.   Such  as  there  are,  however, 

cies,  governing  all  phases  of  relationship  require  more  attention  than  they  have  as 

with  one  another  and  with  our  neighbors,  yet   received.    These   matters,    and    some 

is  questionable.    The  British  seem  to  get  others,  have  been  placed  before  the  Execu- 

on  quite  as  well  with  an  unwritten  con-  tive   Committee   and   the   Trustees   from 

stitution  as  we  do  with  a  written  one.  But  time  to  time.  When  our  absent  staff  mem- 

certainly  we  need  to  explore  some  of  these  bers  return  it  should  be  possible  to  bring 

subjects  carefully  until  we  arrive  at  the  them  to  a  focus. 

point  of  clear-cut  policy  which  all  under-  One  subject,  however,  is  of  such  definite 

stand.  and  immediate  importance  as  to  require 

Progress  has  been  made  on  several  mat-  prompt  consideration.  This  concerns  the 
ters.  A  considerable  amount  of  discussion  revision  of  our  retirement  plan.  As  a  re- 
has  occurred  regarding  policy  on  patents,  suit  of  lower  interest  rates  and  of  increased 
where  there  are  some  loose  ends  to  be  life  expectancy,  the  prospective  annuity  for 
tucked  in.  More  discussion  has  occurred  a  young  man  starting  contributions  at  pres- 
on  matters  of  external  relations  in  connec-  ent  under  our  existing  plan  is  little  more 
tion  with  the  publishing  of  books,  the  than  half  the  amount  he  could  have 
giving  of  lectures,  and  the  rendering  of  counted  upon  had  he  started  twenty-five 
scientific  advice  to  industry.  This  last  years  ago.  This  situation  has  required 
point  has  its  difficulties.  Certainly,  if  there  thorough  restudy  of  the  Institution's  posi- 
are  results  emerging  from  our  basic  re-  tion  with  respect  to  cooperation  in  pro- 
search  programs  which  can  be  used  by  vision  for  retirement  income,  and  this 
industry  to  increase  the  standard  of  living  study  has  resulted  in  recommendations  for 
or  improve  the  public  health,  we  have  an  modification  and  restatement  of  annuity 
obligation  to  see  that  we  are  not  so  entirely  procedure  for  consideration  by  the  Execu- 
insulated  from  such  applications  that  op-  tive  Committee.  It  is  hoped  that  new  and 
portunities  are  lost.  Relations  between  in-  appropriate  regulations  may  become  effec- 
dustrial  research  laboratories  and  our  own  tive  by  the  first  of  next  year, 
can  in  fact  be  mutually  beneficial.  It  is  Another  matter  that  warrants  further  at- 
just  as  sure,  however,  that  if  we  were  to  tention  at  the  proper  time  is  the  entire 
allow  individual  industrial  units  to  secure  subject  of  staff  grades  and  tenure.  This  is 
privately  the  results  of  some  of  our  re-  closely  allied  with  a  second  subject,  which 
search,  with  failure  to  recognize  that  our  is  perhaps  of  greater  importance,  and 
funds    should    not   be   expended    for   the  which  warrants  a  section  by  itself. 
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Young  Scientists 


It  is  axiomatic  that  the  ultimate  accom-  and  selecting  young  men  of  great  promise 

plishments  of  the  Institution  depend  upon  be  placed  on  an  effective  basis,  for  the  ulti- 

a  steady  influx  into  its  ranks  of  brilliant  mate  investment  of  the  Institution  in  the 

young  men.  Yet  there  seems  to  have  been  unique  opportunity  that  is  furnished  each 

no    definite   and   accepted   procedure   for  individual    who    follows    a    full    research 

bringing  this  about.   Unlike  a  university,  career  in  its  service  is  very  large.  It  is  also 

the  Institution  does  not  have  a  succession  true  that  senior  research  men  often  need 

of  graduate  students  passing  through,  from  the  impact  of  young  minds  for  continued 

which   it    can    select    some   of   the    most  stimulation.    The  process  by   which  this 

scholarly  and  promising  individuals  for  a  can  best  be  accomplished  will  undoubtedly 

period    of    trial    in    its    teaching    ranks,  differ  from  one  department  to  another.   It 

Neither  does  it  have  a  revolving  group  of  should  be  carefully  worked  out.    At  the 

fellows   pursuing   post-doctorate   research,  same  time,  of  course,  we  should  not  lose 

Its  system  of  recruiting  has  been   some-  the  benefits  which  have  long  followed  the 

what  haphazard.    Yet  it  is  essential  that  practice  of  establishing  useful  relations  with 

in   some  manner   this  process  of  finding  mature   scientists   in   other   organizations, 

Carnegie  Corporation  of  New  York 

This  is  a  fitting  time  to  review  briefly  The  Corporation  has  increased  the  En- 

the    constantly    sympathetic    and    helpful  dowment  Fund  of  the  Institution  by  45 

consideration    with    which    the    Carnegie  per  cent.    It  has  provided  over  $2,000,000 

Corporation  has  watched  the  growth  and  for    current    support    of    the    Institution's 

progress  of  Institution  activities.  work,  three-quarters  of  this  amount  being 

In  1925  the  Trustees  of  the  Corporation  in  the  nature  of  emergency  aid  needed 
authorized  an  appropriation  of  $5,000,000,  because  of  economic  conditions  brought 
which  was  paid  to  the  Institution  with  about  by  the  first  World  War,  and  for 
interest  over  a  period  of  five  years  as  an  cooperation  with  other  agencies  in  the  ex- 
increase  in  its  endowment.  At  the  same  tension  of  research  programs  of  a  termi- 
time  the  Trustees  of  the  Corporation  voted  nating  nature.  The  Corporation,  further- 
to  give  sympathetic  consideration  at  the  more,  has  given  liberally  for  direct  sup- 
proper  time  to  the  Institution's  request  for  a  port  of  specific  research  projects  conducted 
further  grant  of  $5,000,000  for  endowment,  by  the  Institution  and  for  miscellaneous 
This  request  was  honored  at  a  meeting  of  research  projects  that  have  been  supervised 
the  Corporation  on  January  20,  1944,  and  by  the  Institution  at  the  request  of  the 
an  additional  sum  of  $5,000,000  was  paid  Corporation.  The  following  tabulation 
to  the  Institution  on  September  20,  1944.  summarizes  the  situation: 

$10,000,000     Endowment  Fund 

600,381     Interest  on  endowment   (during  period   of  payment)    used   for   support  of 
current  work 
1,500,000     Emergency  support 
644,000     Support  of  special  projects  conducted  by  Institution 

939,861     Grants  for  research  projects  supervised  by  Institution  at  request  of  Corpo- 
ration 

$13,684,242 
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The   generous  'action   o£   the   Carnegie  resulting  increase  in  income  in  the  most 

Corporation  permits  a  freedom  of  prospect  effective  manner  for  the  advance  of  basic 

and  opportunity  which  is  matched  by  the  research    and    for    pioneering    in    specific 

sense  of  responsibility  for  employing  the  fields. 

Finances 

When  the   war  is  over,  if  we  assume  curred    which    could    not   be    thus    reim- 

that  there  will  be  no  general  inflation  in  bursed   to   us,   this   has   been   more   than 

the  United  States,  the  Institution  will  be  offset  by  budget   relief  arising  from  the 

in  good  financial  condition.    In  the  first  fact  that  many  of  our  staff  have  gone  on 

place,  the  addition  by  the  Carnegie  Cor-  leave  of  absence  without  salary  to  enter 

poration  of  New  York  of  $5,000,000  to  our  Government    service    elsewhere.     Part    of 

endowment  gives  us  new  money  which  is  Gur    normal    expenditures,    as    budgeted, 

not  committed  and  will  be  generally  avail-  therefore  remains  in  our  hands;  and  such 

able.   Secondly,  our  experience  during  the  £unds  haye  been  set  aside  and  placed  in 

war   has  been   rather   extraordinary.    We  reserves.    They  wiU  be  available  to  meet 

entered  the  war  effort  with  the  policy  that  .                  c                  ■         c  .1      T      . 

. r      V  extra  costs  or  reconversion  or  the  lnstitu- 

the  Institution  would  render  aid  to  Gov-  .                  1      rr  •            1       -n 

.                           .  ■  .  tion   to   its   normal   affairs   and   will   un- 

ernment    by    contributing-   the   use   or   its  .     ,       .,    ,     c  ,,      ,       .     .  .      .  . 

f    .,.  .        ,             .          c.         ■    .          .  doubtedly  be  tully  absorbed  in  this  process, 

facilities,  the  services  or  its  existing  scien-  \             J                              r 

•  r         a-         1   •                 1          1      j  thus  leaving  our   reserves   much   as  they 

tine  staff,  and  its  normal  overhead  costs.  &                                                    J 

We    therefore    contracted,    in    connection  were  when  the  war  started    Thus  k  aP' 

with  war  research,  for  Government  funds  Pears  that  we  sha11  emerSe  from  the  war> 

only  sufficient  to  meet  added  out-of-pocket  havin§  devoted  a  large  part  of  our  effort 

expenses  due  to  new  assistants,  materials,  to   war  research   without  reimbursement, 

and  increased  and  extraordinary  costs  of  but  without  having  crippled  the  Institu- 

various  sorts.   Under  this  policy,  although  tion  financially  as  it  faces  the  future,  which 

some    extra    expense    has    necessarily    oc-  is  a  fully  desirable  situation. 

Participation  in  War  Activities 

All  divisions  and  departments  of  research  the  Institution  for  out-of-pocket  expenses, 

of  the  Institution  are  still  actively  engaged,  Of   the   fourteen   active   projects,   eight 

through    contractual    relations    with    the  are  sponsored  by  the  Office  of  Scientific 

Government  or  by  participation  of  indi-  Research    and    Development,    the    others 

vidual  staff  members,  in  carrying  on  in-  having  been  undertaken  at  the  request  of 

vestigations    directly    related    to    the    war  the  War  Department,  the  Navy  Depart- 

effort.    Government   contracts   have   been  ment,  the  War  Production  Board,  and  the 

entered  into  for  thirty -two  projects,  work  National  Institute  of  Health.   Forty-seven 

upon   eighteen   of  which   has  been   com-  members  of  the  Institution  are  on  leave  of 

pleted.     These    projects    are    covered    by  absence  to  serve  the  Government  through 

ninety-two    contracts,    orders,    or    amend-  other  channels,  and  about  75  per  cent  of 

ments,  by  means  of  which  $3,638,120  has  the  entire  staff  of  the  Institution  is  now 

been  made  available  for  reimbursement  to  directly  concerned  with  war  activities. 
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Walter  A.  Jessup 


Walter  A.  Jessup  died  on  July  5,  1944,  in 
his  sixty-sixth  year.  He  became  a  Trustee 
of  the  Carnegie  Institution  of  Washington 
in  December  1938,  and  was  immediately 
elected  to  fill  a  vacancy  in  its  Executive 
Committee.  He  brought  to  his  colleagues 
on  the  Board  a  broad  experience  in  the 
field  of  American  education,  and  a  liberal 
and  practical  conception  of  educational 
procedure.  As  an  Executive  Committee 
member  he  has  contributed  directly  to  a 
sound  and  sympathetic  approach  to  prob- 
lems dealing  with  research  personnel,  or- 
ganization of  research  groups,  and  rela- 
tions of  the  Institution  with  other  research 
and  educational  agencies. 


Dr.  Jessup  became  President  of  the 
Carnegie  Foundation  for  the  Advance- 
ment of  Teaching  in  1934,  and  he  suc- 
ceeded Dr.  Keppel  as  President  of  the 
Carnegie  Corporation  in  1941.  His  mem- 
bership in  the  Board  of  Trustees  of  the 
Institution  has  tended  to  strengthen  the 
cordial  relations  already  established  be- 
tween various  Carnegie  benefactions,  and 
to  accentuate  the  over-all  purpose  of  the 
Founder  in  providing  means  for  the  ad- 
vancement and  application  of  knowledge 
and  the  improvement  of  cultural  relations. 

The  Institution .  has  lost  an  enthusiastic 
friend  and  a  counselor  of  integrity,  vision, 
and  sound  judgment.  We  shall  miss  him 
exceedingly  as  we  plan  for  the  future. 


REPORTS  OF  DEPARTMENTAL  ACTIVITIES 
AND  COOPERATIVE  STUDIES 

ASTRONOMY 

Mount  Wilson   Observatory 
Special  Projects 

TERRESTRIAL  SCIENCES 

Geophysical  Laboratory 

Department  of  Terrestrial  Magnetism 

Special  Projects 

BIOLOGICAL  SCIENCES 

Division  of  Plant  Biology 

Department  of  Embryology 

Department  of  Genetics 

Nutrition  Laboratory 

Special  Projects 

HISTORICAL  RESEARCH 

Division  of  Historical  Research 
Special  Projects 


MOUNT  WILSON  OBSERVATORY 


Pasadena,  California 
WALTER  S.  ADAMS,  Director 


With  the  temporary  absence  of  two  ad- 
ditional members  of  the  scientific  staff  to 
study  problems  connected  with  the  war, 
and  with  the  increasing  absorption  of  the 
remaining  members  in  similar  activities, 
the  astronomical  work  of  the  Observatory 
has  necessarily  been  somewhat  reduced. 
The  most  essential  observations,  however, 
and  those  the  value  of  which  would  be 
most  seriously  impaired  by  a  lack  of  con- 
tinuity have  been  maintained  with  as  slight 
interruption  as  possible. 

One  of  the  heaviest  snowstorms  in  the 
history  of  the  Observatory  occurred  in  Feb- 
ruary 1944,  nearly  60  inches  falling  within 
three  days.  No  serious  damage  was  done 
to  the  buildings,  but  the  main  highway  to 
Mount  Wilson  was  blocked  for  a  period 
of  two  and  one-half  months,  and  repairs 
upon  the  power-transmission  line  could 
not  be  completed  by  the  Southern  Cali- 
fornia Edison  Company  for  nearly  seven 
weeks.  During  this  time  few  observations 
could  be  made,  but  since  the  weather  was 
in  general  unfavorable  the  loss  was  not 


great.  The  Toll  Road  used  for  transporta- 
tion from  Pasadena  in  previous  years  was 
temporarily  reopened  by  the  County  Road 
Department  pending  repairs  to  the  main 
highway. 

Perhaps  the  most  interesting  observa- 
tional result  of  the  year  has  been  the  reso- 
lution into  stars  of  several  extragalactic 
nebulae,  among  them  the  two  companions 
of  the  Andromeda  nebula  and  the  central 
region  of  the  Andromeda  nebula  itself. 
Red-sensitive  photographic  plates  were 
used  with  a  filter  transmitting  a  very 
limited  spectral  region,  the  minimum  ex- 
posure times  being  about  four  hours.  These 
observations  were  extremely  exacting,  re- 
quiring excellent  seeing,  little  temperature 
change  of  the  telescope,  accurate  guiding, 
and  a  dark  transparent  sky.  The  "black- 
out" of  the  San  Gabriel  Valley  during  the 
period  of  the  observations  was  at  least 
partly  responsible  for  their  success.  Many 
conclusions  of  interest  can  be  drawn  from 
these  remarkable  photographs  with  their 
excellent  definition. 


STAFF  AND  ORGANIZATION 


Research  Division 

Solar  Physics:  Seth  B.  Nicholson,  Harold  D. 
Babcock,  Joseph  Hickox,  Edison  Hoge, 
Edison  Pettit,  Robert  S.  Richardson,  Mary 
F.  Correen,  Elizabeth  S.  Mulders,  Myrtle 
L.  Richmond. 

Stellar  Motions  and  Statistics:  Adriaan  van 
Maanen,  Ralph  E.  Wilson,*  A.  Louise 
Lowen. 

Stellar  Photometry:  Walter  Baade,  Mary 
Joyner  Seares. 

Stellar  Spectroscopy:  Walter  S.  Adams,  Wil- 
liam H.  Christie,*  Theodore  Dunham,  Jr.,* 
Milton  L.  Humason,  Alfred  H.  Joy,  Paul 


W.  Merrill,  Rudolph  Minkowski,  Roscoe 
F.  Sanford,  Gustaf  Stromberg,*  Olin  C. 
Wilson,*  Ralph  E.  Wilson,*  Ada  M.  Bray- 
ton,  Dorothy  D.  Locanthi,*  Sylvia  Burd, 
Cora  G.  Burwell,  A.  Louise  Lowen. 

Nebular  Photography,  Photometry,  and  Spec- 
troscopy: Edwin  P.  Hubble,*  Walter  Baade, 
Milton  L.  Humason,  Rudolph  Minkowski, 
Sylvia  Burd. 

Physical  Laboratory:  John  A.  Anderson, 
Robert  B.  King.* 

Editorial  Division:    Paul  W.  Merrill,  editor; 

*  On  leave  of  absence  for  investigations  relat- 
ing to  the  war. 
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Elizabeth  Connor,  assistant  editor  and 
librarian;  Alice  S.  Beach,  secretary  and 
stenographer. 

Alfred  H.  Joy  has  continued  throughout 
the  year  as  Secretary  of  the  Observatory. 

Nearly  all  the  members  of  the  staff  who 
remain  in  Pasadena  have  been  actively 
engaged  in  work  upon  contracts  of  the 
Observatory  with  the  military  forces  and 
the  Office  of  Scientific  Research  and  De- 
velopment. 

Dr.  John  A.  Anderson,  physicist  and  a 
member  of  the  Observatory  staff  since 
1916,  retired  on  September  1,  1943.  His 
scientific  contributions  and  the  important 
part  he  has  had  in  the  design  and  con- 
struction of  the  200-inch  telescope  have 
taken  a  noteworthy  place  in  the  history 
of  the  Observatory. 

Research  Associates 

Sir  James  Jeans,  Dorking,  England;  Henry 
Norris  Russell,  Princeton  University;  Fred- 
erick H.  Seares,  Pasadena;  Joel  Stebbins, 
University  of  Wisconsin. 

Dr.  Russell,  although  unable  to  visit  the 
Observatory  during  the  present  year,  has 
been  actively  engaged  in  the  term  analysis 
of  the  spectra  of  rare  earths,  utilizing 
observational  material  provided  by  Dr. 
A.  S.  King.  Dr.  Seares  with  the  assistance 
of  Miss  Joyner  has  completed  four  im- 
portant photometric  investigations  dealing 
with  the  colors  and  magnitudes  of  the 
north  polar  stars,  the  relation  of  color 
index  to  effective  wave  length,  and  space 
absorption  in  the  Pleiades  cluster.  Dr. 
Stebbins  spent  the  summer  months  of  1943 
in  Pasadena  and  continued  his  measure- 
ments of  a  selected  list  of  stars  of  var- 
ious spectral  types  with  his  photoelectric 
photometer. 

Temporary  Associates 

Dr.  S.  A.  Mitchell,  Director  of  the 
Leander  McCormick  Observatory,  carried 


on  observations  of  the  radial  velocities  of 
faint  stars  with  the  instruments  on  Mount 
Wilson  during  a  period  of  about  five  weeks 
in  August  and  September  1943.  Dr.  John 
C.  Duncan,  Director  of  the  Whitin  Ob- 
servatory, used  the  60-inch  and  100-inch 
telescopes  during  the  summer  months  to 
photograph  several  nebulae  of  interest,  and 
returned  to  Pasadena  in  May  1944  for 
further  work.  Dr.  Duncan  also  aided  in 
the  observations  carried  on  by  Babcock 
at  the  Solar  Laboratory.  Dr.  P.  Swings, 
who  is  engaged  in  war  work  in  Pasadena, 
has  been  a  frequent  visitor  to  the  Observa- 
tory during  the  year  and  has  completed 
some  interesting  investigations  on  rare 
earths  in  stellar  spectra. 

Miss  Suzanne  van  Dijke,  Fanny  Work- 
man Fellow  at  Wellesley  College,  spent 
the  months  of  March  and  April  1944  at 
the  Observatory  in  a  study  of  high-dis- 
persion spectra  of  giant  and  dwarf  stars. 

Instrument  Design  and  Construction 

Design:  Edgar  C.  Nichols,  chief  designer; 
Harold  S.  Kinney,  designer. 

Optical  Shop:  Donald  O.  Hendrix,  superin- 
tendent. 

Instrument  Shop:  Albert  Mclntire,  foreman; 
Elmer  Prall,  instrument  maker;  Myo  C. 
Hurlbut,  Fred  Scherff,  Oscar  Swanson, 
Albert  Labrow,  Donald  Yeager,  machin- 
ists; James  Chapman,  pattern  maker;  Harry 
S.  Fehr,  cabinet  maker. 

Maintenance  and  Operation 

Office:  Anne  McConnell,  bookkeeper;  Doro- 
thea Neuens,  stenographer  and  telephone 
operator. 

Operation:  Ashel  N.  Beebe,  superintendent 
of  construction;  Sidney  A.  Jones  (on  leave 
of  absence  for  military  service)  and  Ken- 
neth de  Huff,  engineers;  Thomas  A.  Nel- 
son, Floyd  Day,  Louis  S.  Graf,  night 
assistants;  Ernest  W.  Hartong,  truck  driver 
and  machinist  helper;  Anthony  Wausnock, 
Mrs.  Wausnock,  and  Mrs.  Pauline  Byers, 
stewards;  Arnold  T.  Ratzlaff,  Irving  Angel, 
and  Harry  Sering,  janitors. 
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Several  of  those  whose  names  are  listed  to  the  staffs  of  the  optical  and  instrument 

above  have  been  with  the  Observatory  but  shops  in  connection  with  the  Government 

a  part  of  the  year.  contracts  which  have  been  undertaken  by 

Numerous   additions   have   been    made  the  Observatory. 


OBSERVING  CONDITIONS 


Observations 

Month 

All  night 

Part  of 
night 

None 

1943: 

July 

25 
25 
26 
18 
17 
7 

7 
1 
0 
3 

18 
14 

5 
5 
4 
5 

10 
9 

9 
11 

0 
10 

6 

4 

1 

August 

September 

October 

1 

0 

8 

November 

December 

1944: 

January 

3 
15 

15 

February 

March 

17 
31 

April 

17 

May 

7 

June 

12 

Total 

161 
205 

78 
84 

127 

Mean  32  years 

76 

As  already  indicated,  the  winter  of  1943- 
1944  was  characterized  by  exceptionally 
heavy  snowfall,  amounting  to  99  inches 
for  the  season.  No  serious  damage  to 
buildings  or  instruments  occurred.  The 
total  precipitation  was  42.5  inches,  about 
four  inches  above  the  normal.  The  autumn 
months  of  1943  were  favorable  for  obser- 
vations, but  the  stormy  conditions  later  in 
the  winter  and  the  interruption  in  Febru- 
ary, March,  and  April  1944,  due  to  the 
breaking  of  the  power-transmission  line, 
reduced  the  amount  of  actual  observing 
time  to  considerably  below  the  average. 
The  accompanying  table  shows  the  distri- 
bution by  months  of  observations  with  the 
60-inch  telescope. 


SOLAR  RESEARCH 

Solar  Photography  During   the   calendar   year    1943,   sunspot 

Solar  photographs  were  made  on  266  *  activity  decreased  normally.    Observations 

days  between  July   1,   1943  and  June  30,  were   made   on   323   days;    46   days   were 

1944   by   Hickox,   Hoge,   Nicholson,   and  without   spots,   as   compared   with    16   in 

Richardson,  as  follows:  1942.   Six  groups  of  the  new  cycle,  all  in 

Direct  photographs    532  *  the   southern   hemisphere,   were   observed 

Ha  spectroheliograms  of  spot  groups,  in  :943-   In  the  waning  cycle,  the  number 

60-foot  focus 524  *  of  groups  decreased  from  188  in  1942  to  89 

Ha  spectroheliograms,  18-foot  focus.  .    1080  *  in  1943;  the  number  in  the  northern  hemi- 

K2  spectroheliograms,  7-foot  focus ..  .   4373*  sphere   decreased   from   93   to   54;    in   the 

K2  spectroheliograms,  18-foot  focus.      1036*  southern  hemisphere,  from  95  to  35. 

K  prominences,  18-foot  focus 996  Undl    the    n£W    cyde    [s    further    devd_ 

*  Between  February  19  and  April  6,  inclusive,  oped,    the    exact    date    of    the    minimum 

the  60-foot   tower   telescope  could   not   be   used  1        1   .                1     1     .               n           1 

,               ,   ,     .             •            ,      ,       •  cannot   be  determined,   but   it   will   prob- 

because  or  the  interruption  to  the  electric  power  L 

supply,  ably  be  about  the  middle  of  the  year  1944. 

The  monthly  means  of  the  number  of 

Sunspot  Activity  groups    observed    daily    during    the    past 

Nicholson  and  Mrs.  Mulders  have  con-  two  and  one-half  years  are  given  in  the 

tinued    their    regular    study    of    sunspots.  following  table. 
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Month 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Yearly  average 


Daily  number 


1942     1943     1944 


3.3 
4.4 

4.9 
5.2 
2.6 
1.3 
1.9 
2.1 
2.1 
2.4 
3.0 
2.6 


3.0 


1.1 
2.0 
2.4 
2.1 
1.8 
1.7 
1.3 
2.2 
0.9 
0.8 
1.3 
1.5 


1.6 


0.3 
0.1 
1.1 
0.1 
0.2 
0.7 


Sunspot  Polarities 

Magnetic  polarities  in  each  spot  group 
have,  so  far  as  possible,  been  observed  at 
least  once.  The  classification  of  groups 
observed  between  July  i,  1943  and  June  30, 
1944  is  indicated  in  the  table  given  below. 
"Regular"  groups  of  the  old  cycle  in  the 
northern  hemisphere  are  those  in  which 
the  preceding  spot  has  N  (north-seeking) 
polarity  and  the  following  spot  S  polarity; 
in  the  southern  hemisphere  the  polarities 
are  reversed.  For  spot  groups  of  the  new 
cycle,  the  distribution  of  magnetic  polari- 
ties is  opposite  to  that  just  described  for 
the  old  cycle. 


Hickox.  An  eruptive  prominence  photo- 
graphed with  the  13-foot  spectroheliograph 
by  Hickox  on  April  18,  1944  appeared 
within  a  few  months  of  the  expected  sun- 
spot  minimum.  This  is  the  fourth  mini- 
mum at  which  eruptive  prominences  have 
been  observed  (one  each)  since  the  earliest 
catalogue  entry  in  1885.  There  are  now  67 
entries.  Of  these,  77  per  cent  have  been 
observed  in  the  interval  from  maximum 
to  minimum.  The  prominence  of  April 
18  rose  to  the  greatest  height  (600,000  km) 
of  any  observed  at  minimum. 

The  trajectories  of  eruptive  prominences 
for  which  photographic  evidence  is  avail- 
able now  number  40.  Most  of  these  are 
nearly  rectilinear,  the  principal  deviations 
occurring  at  the  beginning  and  less  fre- 
quently at  the  end  of  the  eruption. 

The  apparent  inclination,  /,  of  the  tra- 
jectories has  varied  from  o°  to  63  °.  From 
the  theory  of  random  distribution  the  fre- 
quency of  various  values  of  /  can  be  de- 
termined. Such  a  comparison  by  Pettit 
shows  that  there  are  more  eruptions  with 
trajectories  of  small  inclination  than  a 
random  distribution  would  indicate. 

Ultraviolet  Spectrum  of  the  Sun 

Observing  conditions  at  the  Hale  Labo- 
ratory have  been  subnormal,  on  the  aver- 
age, but  at  times  it  has  been  possible  for 


Polarity 

Hemisphere 

Regular 

Irregular 

Unclassified 

Old  cycle 

New  cycle 

Old  cycle 

New  cycle 

Old  cycle 

New  cycle 

North 

South 

19 
10 

0 
9 

2 
1 

0 
0 

5 
9 

1 

1 

Whole  sun 

29 

9 

3 

0 

14 

2 

Prominences 

Observations  of  solar  prominences  have 
been    made    by    Nicholson,    Pettit,    and 


Babcock  to  obtain  excellent  ultraviolet  spec- 
trograms, which  provide,  for  the  first 
time,  a  normal  background  extending  to 
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A2975.  The  scale  of  wave  lengths  near 
A3000  has  been  connected  with  the  Inter- 
national scale  at  A4500  by  means  of  over- 
lapping orders  of  spectra,  and  the  positions 
of  about  1000  lines  have  been  determined 
between  A2949  and  A3153.  The  spectrum 
of  the  center  of  the  disk  has  been  com- 
pared with  that  for  points  ranging  from 
0.75  to  0.96  of  the  solar  radius.  Suppression 
of  the  wings  of  strong  lines,  a  phenomenon 
familiar  near  the  limb  in  the  visible  region, 
can  here  be  traced  farther  toward  the 
center.  Some  notable  variations  appear 
among  weak  lines  as  well. 

General  Magnetic  Field  and  Solar 
Rotation 

Two  series  of  spectrograms  have  been 
obtained  near  A5300  with  the  Lummer 
plate  and  special  polarizer  at  solar  lati- 
tudes ±45°  for  a  study  of  the  general  mag- 
netic field  of  the  sun.  The  Lummer  plate 
has  also  been  used  for  a  few  additional 
observations  of  rotational  velocity  at  points 
between  0.77  and  0.87  of  the  solar  radius. 


The  H  and  K  Lines  and  Magnetic 
Storms 

Reference  was  made  in  last  year's  report 
to  the  comparison  of  photographs  of  the 
H  and  K  lines  taken  by  Richardson  dur- 
ing the  violent  magnetic  storms  of  Sep- 
tember 18,  1941  and  March  1,  1942  with 
similar  photographs  taken  during  a  period 
of  magnetic  calm.  The  object  was  to  test 
the  suggestion  by  Chapman  that  a  cloud 
of  charged  particles  moving  earthward  dur- 
ing a  magnetic  storm  might  be  detected 
by  a  faint  absorption  line  on  the  violet 
side  of  the  solar  lines. 

Reduction  of  the  plates  reveals  what 
appears  to  be  a  very  shallow  absorption 
band  beginning  near  the  center  of  H  and 
K  and  extending  about  12  A  to  the  violet 
with  a  maximum  depth  of  slightly  less 
than  1  per  cent.  For  the  storm  of  Sep- 
tember 18,  1941  the  apparent  absorption 
corresponds  to  a  maximum  velocity  of 
1 100  km/sec  and  a  mean  velocity  of  680 
km/sec;  for  the  storm  of  March  1,  1942 
the  maximum  velocity  is  1000  km/sec  and 
the  mean  velocity  550  km/sec. 


STELLAR  INVESTIGATIONS 


Parallaxes  and  Proper  Motions 

The  parallaxes  of  28  stars  of  large  proper 
motion  observed  and  measured  by  van 
Maanen  are  included  in  a  list  now  in  press. 
Seven  of  the  stars  are  found  to  have  abso- 
lute  magnitudes  fainter  than  + 15.0,  one 
being  +19.2  or  nearly  15  magnitudes 
fainter  than  the  sun  in  intrinsic  bright- 
ness. Nearly  all  the  stars  in  the  list  for 
which  spectra  have  been  determined  are 
M-type  dwarfs. 

The  extensive  investigation  by  van 
Maanen  of  the  h  Persei  cluster  has  been 
completed  and  prepared  for  publication. 
Approximately  800  stars  ranging  down  to 
magnitude    16.1    were   measured   on   two 


pairs  of  photographs  separated  by  inter- 
vals of  17  and  29  years,  respectively.  The 
proper  motions  indicate  that  about  700 
of  the  stars  belong  to  the  cluster  and  about 
100  are  field  stars  and  not  members  of  the 
cluster.  The  final  values  of  the  annual 
proper  motion  derived  from  groups  of 
stars  of  all  magnitudes  are  +0V0016  ± 
0V0005  in  right  ascension,  and  —  0V0033 
±  0V0002  in  declination.  Practically  all  the 
cluster  stars  fall  on  the  main  branch  of  the 
Hertzsprung-Russell  diagram,  and  also 
show  a  marked  correlation  between  ap- 
parent magnitude  and  color  index.  It  is 
well  known  that  space  absorption  is  heavy 
throughout  the  general  region  of  this 
cluster. 
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Color  Photometry 

Seares  and  Miss  Joyner,  continuing  their 
studies  of  the  colors  of  stars,  have  finished 
four  related  investigations. 

(i)  A  revision  of  the  color  indices  of 
the  standard  polar  stars  between  photo- 
visual  magnitudes  9.5  and  13.8,  based  on 
exposure-ratio  observations  by  Baade  and 
Malmquist.  The  color-  system  remains  un- 
changed; the  weights  of  the  individual 
colors  are  approximately  doubled  and  the 
list  is  increased  by  about  40  stars. 

(2)  A  recalibration  of  the  effective  wave 
lengths  of  polar  stars  measured  by  Hertz- 
sprung  and  by  Vanderlinden,  based  on  the 
revised  standards  described  in  (1).  The 
purpose  was,  first,  to  obtain  for  the  Inter- 
national system  an  observed  relation  be- 
tween the  color  index  of  a  star  and  the 
effective  wave  length  corresponding  to  its 
photographic  magnitude,  for  comparison 
with  the  theoretical  relation  for  black-body 
radiators.  The  agreement  proved  to  be 
close,  a  result  that  checks  the  effective  wave 
lengths  for  the  International  system  given 
in  Mount  Wilson  Contribution,  No.  685. 
A  second  objective  was  the  derivation  of 
data  for  the  reduction  of  other  observations 
by  Hertzsprung  and  by  Vanderlinden. 

(3)  The  preceding  investigation  re- 
quired the  solution  of  a  statistical  problem 
which  becomes  important  when  the  error 
of  observation  is  a  considerable  percentage 
of  the  quantity  measured;  namely,  to  find 
the  constants  in  a  linear  functional  rela- 
tion, free  from  systematic  error,  when  the 
two  variables  are  known  only  through 
observed  values  affected  by  errors  of  meas- 
urement. The  solution  lies  in  a  general 
relation  connecting  the  regression  coeffi- 
cients with  the  functional  constants  and 
the  mean  error  of  measurement. 

(4)  A  study  of  selective  space  absorp- 
tion affecting  stars  in  and  near  the  Pleiades 
cluster,  based  partly  on  observations  by 


Hertzsprung,  re-reduced  with  the  results 
described  in  (2),  and  partly  on  unpub- 
lished exposure-ratio  measurements  by 
Seares.  The  color  excess  E  for  cluster  stars 
averages  about  0.16  mag.  Even  with  gen- 
erous allowance  for  zero-point  uncertainty, 
E  can  hardly  be  less  than  0.10  mag.  Stars 
involved  in  the  Merope  nebula  are  redder 
still,  and  for  groups  of  field  stars,  generally 
much  more  distant,  E  may  be  0.3  or  0.4 
mag.  The  absorption  is  spotty,  however, 
and  corresponds  roughly  to  the  localized 
distribution  of  the  extragalactic  nebulae 
seen  in  the  direction  of  the  cluster.  Freed 
from  absorption  and  systematic  errors  in 
the  spectral  types,  the  members  of  the  clus- 
ter seem  to  be  normal  main-sequence  stars, 
a  result  which  clears  up  a  long-standing 
discrepancy  in  the  spectrum-color  relation 
for  the  Pleiades. 

Photoelectric  Measures  of  Stars 

Stebbins  has  continued  the  measures  of 
colors  of  stars  with  a  photometer  devised 
and  constructed  by  Whitford,  who  has 
been  absent  on  war  research  since  1941. 
The  observations  of  about  230  stars  in  six 
spectral  regions  from  A3500  to  X 1 0000  have 
been  completed. 

The  colors  of  the  typical  variable  star 
h  Cephei  at  maximum  and  minimum 
phase  have  been  found  to  match  almost 
exactly  the  colors  of  normal  supergiant 
stars  of  spectra  CF4  and  cG2,  respectively. 
There  is  a  time  lag  in  the  variation  of  this 
star  in  the  longer  wave  lengths,  the  epoch 
of  maximum  or  minimum  coming  more 
than  a  quarter  of  a  day  later  at  Aioooo 
than  at  A3500.  This  phenomenon  must 
have  a  direct  bearing  upon  the  theory  of 
pulsations  in  the  atmosphere  of  such  a  star. 

Measures  of  the  nebula  in  Andromeda 
have  revealed  a  color  difference  between 
the  two  sides  of  the  apparent  ellipsoid. 
Interpreted  as  space  reddening  in  this  ex- 
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ternal  galaxy,  the  measures  give  at  once 
the  ratio  Apg/E  =  4.1  ±  0.4,  where  Avg  is 
the  total  photographic  absorption  and  E 
the  selective  absorption  on  the  Interna- 
tional scale.  This  ratio  is  of  fundamental 
importance  in  making  an  allowance  for 
the  dimming  effect  of  interstellar  material 
in  our  galaxy. 

An  incidental  result  from  the  photo- 
electric observations  has  been  the  discovery 
of  a  new  radiation  near  Aioooo  from  the 
earth's  atmosphere.  Whether  this  radia- 
tion is  from  a  spectral  line,  lines,  or  bands 
is  as  yet  not  known,  but  it  is  apparently 
tens  of  times  as  intense  as  the  permanent 
green  auroral  line.  The  infrared  radiation 
may  not  vary  much  during  a  night,  but  it 
has  changed  progressively  from  year  to 
year.  The  intensity  increased  about  90  per 
cent  from  1941  to  1943. 

Colors  of  Faint  Cepheids  in  the  Cygnus 
Cloud 

In  view  of  the  important  role  which 
the  four  distant  Cepheids  GL,  QY,  V  336, 
and  V  343  Cygni  play  with  respect  to  both 
galactic  rotation  and  galactic  structure,  an 
accurate  determination  of  their  color  ex- 
cesses has  been  undertaken  by  Baade  with 


the  60-inch  telescope.  A  sufficient  number 
of  photographic  and  photovisual  intercom- 
parisons  with  S.A.  40  has  been  obtained 
for  GL  and  V  343  Cygni.  The  rest  of  the 
program  should  be  completed  during  the 
coming  season. 

Van  Biesbroeck's  Companion  of 
BD  +4°4048 

Intercomparisons  with  S.A.  61,  for  which 
an  accurate  sequence  down  to  magnitude 
21  is  available,  gave  as  photographic  mag- 
nitude of  the  companion  mvg  =  19.2.  The 
star  is  red,  its  estimated  color  index  being 
+  1.4  mag.  With  a  parallax  p  =  o'.'ijo,  its 
absolute  magnitude  is  Mpv  =  +19.0. 

Light-Curve  of  Nova  Puppis  1942 

Pettit  has  continued  visual  measure- 
ments of  the  magnitude  of  Nova  Puppis 
with  the  wedge  photometer.  Between 
October  13,  1943  and  April  22,  1944  the 
magnitude  decreased  from  9.0  to  9.6,  the 
average  rate  of  decrease  being  0.38  mag. 
from  October  to  March,  and  0.21  mag.  in 
March  and  April.  The  magnitudes  of  17 
near-by  stars  have  been  measured  for  com- 
parison and  future  identification. 


STELLAR  SPECTROSCOPY 


Spectroscopic  observations  with  the  100- 
inch  telescope  have  been  continued  without 
interruption  apart  from  that  due  to  storm 
conditions,  but  the  reduction  in  the  ob- 
serving staff  has  necessitated  a  slight  re- 
duction in  the  use  of  the  60-inch  telescope. 
About  one-half  of  the  spectroscopic  ob- 
servations with  the  100-inch  telescope  have 
been  made  with  the  coude  spectrograph 
and  the  remainder  with  spectrographs  of 
lower  dispersion.  Variable  stars  and  early- 
type  stars  showing  interstellar  lines  in  their 
spectra  have  formed  an  important  part  of 
the  observing  program. 


Radial  Velocities 

Measurements  of  the  radial  velocities  of 
a  large  proportion  of  the  stars  brighter 
than  magnitude  10,  judged  from  their 
proper  motions  to  belong  to  the  Taurus 
cluster,  were  completed  by  R.  E.  Wilson 
before  he  left  the  Observatory  to  engage 
in  military  studies.  The  remaining  stars 
can  be  measured  in  about  one  more  ob- 
serving season.  Wilson  has  added  to  his 
program  a  considerable  number  of  M-type 
stars  of  magnitudes  7  and  8  distributed 
well  over  the  sky  which  will  provide  addi- 
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tional  material  for  studies  of  space  motions 
and  absolute  magnitude. 

Sanford  has  completed  his  observations 
of  the  radial  velocities  of  stars  of  spectral 
type  N  and  has  published  the  results  for 
283  stars. 

Dwarf  Stars 

Observations  of  the  spectra  of  about  120 
dwarf  stars  with  proper  motions  exceeding 
0Y35  annually  have  been  nearly  completed 
by  Joy.  The  results  which  are  being  pre- 
pared for  publication  will  include  radial 
velocities,  spectral  types,  and  spectroscopic 
absolute  magnitudes. 

In  the  course  of  the  observations  several 
stars  have  been  added  to  the  list  of  those 
showing  emission  lines  of  hydrogen  and 
H  and  K  of  calcium.  One  of  these,  AC 
+  3i°70565,  is  near  the  dwarf  star  BD 
+  30 °  4824.  The  two  stars,  according  to 
measures  made  by  observers  at  the  Leander 
McCormick  Observatory,  have  proper  mo- 
tions equal  in  amount  but  differing  widely 
in  direction.  Parallax  measures  indicate 
that  the  fainter  star  is  the  nearer. 

Variable  Stars 

Among  the  many  variable  stars  studied 
by  Joy,  Merrill,  and  Sanford,  only  a  few 
of  the  most  interesting  can  be  mentioned. 
The  star  AE  Aquarii,  belonging  to  the 
SS  Cygni  class  of  variables,  has  been  found 
by  Joy  to  show  at  minimum  of  light  a 
normal  dG8  type  of  spectrum  with  well 
defined  absorption  lines  which  yield  the 
remarkable  velocity  range  of  250  km/sec 
in  a  period  of  two  days  or  less.  The 
changes  in  velocity  resemble  those  of  a 
spectroscopic  binary.  SS  Cygni  and  RU 
Pegasi,  on  the  other  hand,  have  veiled 
lines,  and  the  much  smaller  ranges  in 
velocity  had  previously  been  ascribed  to 
irregular  motions  in  their  atmospheres 
and  to  errors  of  measurement.   The  emis- 


sion spectrum  of  AE  Aquarii  resembles 
that  of  the  other  stars  of  the  class,  but  the 
bright  H  and  K  lines  discovered  by  Vys- 
sotsky  are  exceptionally  strong. 

The  spectra  of  the  11  stars  known  to 
comprise  the  important  T  Tauri  group  of 
variables  have  been  observed  by  Joy.  Their 
emission  spectrum,  best  seen  at  maximum 
of  light,  is  characterized  by  great  intensity 
of  H  and  K  and  by  a  general  resemblance 
to  the  spectrum  of  the  solar  chromosphere. 
These  stars  are  the  only  intrinsic  variables 
which  show  definite  evidence  of  low  lumi- 
nosity. Four  of  them  are  involved  in  sur- 
rounding nebulosity,  usually  cometary  in 
form,  and  five  others  have  been  found 
by  Joy  to  have  close  companions  which 
Dr.  Van  Biesbroeck  has  recently  measured 
with  the  micrometer  at  the  McDonald 
Observatory. 

Joy  and  Merrill  have  followed  the  spec- 
troscopic behavior  of  the  Me  variable  T 
Arietis  over  three  cycles.  This  star,  like  R 
Virginis  and  V  Canum  Venaticorum,  is 
intermediate  between  the  Mira  stars  and 
the  irregular  M-type  variables.  The  light- 
changes  are  somewhat  irregular,  with  a 
range  of  about  three  magnitudes  and  a 
period  varying  between  305  and  340  days. 
The  spectral  type  varies  from  M6e  to  M8, 
no  emission  lines  being  seen  at  minimum 
light.  In  general,  the  spectroscopic  be- 
havior resembles  that  of  the  Mira  variables. 
The  radial-velocity  changes  are  small  and 
not  certainly  correlated  with  phase. 

An  interesting  discovery  by  Sanford  is 
the  presence  of  the  post-maximum  lines 
of  Fei,  A4202  and  A4308,  of  long-period 
Me-type  variables  in  the  post-maximum 
stage  of  the  N-type  variable  UV  Aurigae, 
in  whose  spectrum  nebular  lines  had  pre- 
viously been  found.  Sanford  has  also  ob- 
served bright  H  and  K  lines  in  the  Algol 
variable  SS  Bootis.  These  lines  apparently 
belong  to  the  secondary  star  and  should 
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make    possible    the    determination    of   its 
radial-velocity  curve. 

Observations  of  typical  long-period  var- 
iables have  been  continued  by  Merrill 
with  the  coude  spectrograph.  To  facilitate 
the  reduction  of  the  many-lined  spectra  of 
these  low-temperature  stars,  Merrill  and 
Miss  Burwell  have  prepared  a  card  index 
of  numerous  metallic  lines  of  low-excita- 
tion potential. 

Stars  with  Combination  Spectra 

Bright-line  stars  with  absorption  spectra 
of  late  type  may  be  arranged  in  several 
groups.  Stars  of  one  group,  said  to  have 
"combination"  spectra,  present  the  anomaly 
of  intense  high-excitation  emission  lines 
superposed  upon  absorption  spectra  whose 
lines  arise  in  gases  at  comparatively  low 
temperatures.  The  spectra  of  the  follow- 
ing stars  of  this  kind  have  been  investi- 
gated by  Merrill  during  the  year:  AX 
Persei,  RW  Hydrae,  BF  Cygni,  CI  Cygni, 
AG  Pegasi,  R  Aquarii,  and  Z  Androme- 
dae.  In  BF  Cygni  the  forbidden  lines  of 
doubly  ionized  iron  are  stronger  than  in 
any  other  spectrum  yet  observed;  the  nebu- 
lar lines  of  oxygen  and  neon  are  subject  to 
surprisingly  rapid  variations  in  intensity, 
marked  changes  sometimes  occurring 
within  24  hours.  Measurements  of  dis- 
placements of  the  bright  lines  in  several 
stars  have  led  to  the  following  tentative 
conclusions:  (1)  The  displacements  of 
most,  if  not  all,  lines  are  variable.  (2) 
A  typical  range  is  30  km/sec.  Permitted 
lines  exhibit  smaller  ranges  than  forbidden 
lines.  (3)  The  fluctuations  are  of  long 
period  (one  to  three  years).  (4)  Maxima 
and  minima  of  the  displacements  of  for- 
bidden lines  occur  about  one-fifth  of  the 
period  after  the  corresponding  phases  of 
permitted  lines.  A  working  hypothesis  to 
explain  the  variable  displacements  is  that 
of  pulsations  in  an  extensive,  tenuous  at- 


mosphere in  which  spectroscopic  effects  are 
stratified,  the  nebular  lines  being  produced 
in  the  outer  zones. 

Early-Type  Stars  with  Emission  Lines 

48  Librae  (HD  142983).  An  extensive 
investigation  of  the  spectrum  of  48  Librae 
by  Merrill  and  Sanford,  completed  during 
the  year,  indicated  that  after  a  long  period 
of  apparent  quiescence  the  outer  layers  of 
this  star  began  a  remarkable  fluctuation 
which  is  still  in  progress.  At  the  extreme 
velocities,  a  relative  displacement  from  line 
to  line  along  the  Balmer  series  was  ob- 
served. Velocities  from  metallic  lines 
agreed  with  those  of  hydrogen  lines  near 
the  head  of  the  series.  Several  facts  sug- 
gest that  the  amplitude  of  the  fluctuation 
increases  from  the  photosphere  outward. 
The  bright  hydrogen  lines  apparently  come 
from  a  layer  of  hydrogen  just  above  the 
photosphere.  The  hydrogen  may  be  re- 
leased from  the  stellar  interior  by  some 
special  physical  mechanism. 

u  Sagittarii.  Coude  spectrograms  of 
u  Sagittarii  obtained  by  Merrill  on  the 
remarkable  IV  N  emulsion  showed  in 
emission  the  great  infrared  triplet  of 
ionized  calcium  2S-2P  A8498,  A8542, 
A8662  (previously  photographed  at  Mount 
Wilson  by  H.  F.  Weaver),  and  in  addi- 
tion the  forbidden  lines  2S-2D  A7291,  A7324. 
No  previous  observations  of  these  forbid- 
den lines  either  in  the  laboratory  or  in 
astronomical  sources  seem  to  be  on  record. 
The  star  is  a  well  known  spectroscopic 
binary  of  period  138  days,  whose  brighter, 
A-type  component  (the  only  one  observed) 
has  a  range  in  radial  velocity  of  96  km/ 
sec.  The  bright  lines  of  calcium  and  hy- 
drogen do  not  follow  the  oscillations  of 
the  dark  lines,  but  remain  nearly  station- 
ary, indicating  that  they  arise  in  a  cloud 
of  gas  enveloping  the  stars.  A  small  differ- 
ence between  the  mean  velocity  from  the 
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bright  lines  and  that  corresponding  to  the 
center  of  mass  of  the  binary  remains  to  be 
explained. 

Doubly  Ionized  Rare  Earths  in  the  Spec- 
trum of  a2  Canum  Venaticorum 

At  the  request  of  Dr.  P.  Swings,  three 
spectrograms  of  a2  Canum  Venaticorum 
extending  to  slightly  below  A3100  in  the 
far  ultraviolet  were  obtained  by  Adams 
with  the  114-inch  camera  of  the  coude 
spectrograph.  As  A.  S.  King's  laboratory 
results  have  shown,  this  region  contains 
numerous  lines  of  the  doubly  ionized 
atoms  of  several  of  the  rare  earths.  From 
measurement  of  the  spectrograms,  Dr. 
Swings  proved  conclusively  the  presence 
in  the  spectrum  of  this  star  of  lines 
due  to  Eu  in,  Gd  in,  Ce  111,  Sa  in,  and 
La  in.  With  the  possible  exception  of 
Cem,  no  doubly  ionized  rare  earth  had 
previously  been  detected  in  this  star. 

Stars  of  Types  N  and  R 

Sanford  has  compared  the  relative  in- 
tensities of  the  cyanogen  bands  in  the 
red  and  the  violet  regions  of  the  spectra 
of  R-  and  N-type  stars.  In  stars  of  early 
R  type  the  blue  system  of  bands  is  remark- 
ably strong  as  compared  with  the  red 
system,  whereas  for  stars  of  advanced  N 
type  the  reverse  is  true.  The  change  is 
progressive  for  intermediate  spectral  types. 

Interstellar  Lines 
Investigations  of  interstellar  lines  have 


included  observations  of  H  and  K  in 
early-type  stars  in  open  clusters  by  Sanford 
with  moderate  or  low  dispersion,  or  when 
possible  with  the  32-inch  Schmidt  camera 
of  the  coude  spectrograph. 

The  very  high  dispersion  of  the  114-inch 
coude  spectrograph  has  been  used  by 
Adams  in  a  continuation  of  observations 
of  stars  of  type  B  with  magnitudes  brighter 
than  6.5.  The  spectrograms  cover  the 
region  AA3550-4650  and  are  used  for  a 
study  of  the  structure  of  interstellar  H 
and  K  and  the  occurrence  and  intensity 
of  the  molecular  lines  of  CN,  CH 1,  and 
CH 11.  About  125  stars  have  been  observed 
during  the  year.  The  high  dispersion  is 
favorable  for  bringing  out  faint  lines,  and 
relatively  few  of  the  stars  observed  fail  to 
show  interstellar  H  and  K.  Complex  lines 
are  most  frequently  found  in  stars  in  the 
neighborhood  of  the  constellations  of  Cyg- 
nus  and  Sagittarius. 

In  the  course  of  a  study  of  interstellar 
lines  in  01  and  02  Orionis  of  the  Tra- 
pezium in  Orion,  Adams  has  found  in 
Q1  Orionis  a  secondary  component  of  the 
strong  sharp  absorption  line  of  helium  at 
A3888  which  O.  C.  Wilson  discovered  in 
1937  and  which  he  proved  to  be  due  to 
absorption  by  helium  atoms  in  the  sur- 
rounding nebula.  The  secondary  com- 
ponent does  not  appear  in  the  spectrum 
of  Q2  Orionis.  Apparently  a  cloud  very 
limited  in  size  is  involved,  and  it  is  quite 
possible  that  changes  will  take  place  as 
the  cloud  moves  relatively  to  the  star. 


GALACTIC  NEBULAE  AND  NOVAE 


The  survey  of  objects  which  show  Ha 
in  emission  with  little  or  no  continuous 
spectrum  on  objective-prism  plates  has 
been  continued  by  Minkowski.  All  to- 
gether, 49  planetary  nebulae  and  12  diffuse 
nebulae  have  been  found.  The  spectra  of 
these  objects  and  of  some  faint  peculiar      the     lenticular     outer     nebulosity    of    R 


stars   included   in   the   material   are   now 
under  investigation. 

The  Expanding  Nebulosity  around 
R  Aquarii 

In  last  year's  report  it  was  stated  that 
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Aquarii  shows  clear  signs  of  expansion. 
Measurements  on  the  stereocomparator  of 
a  pair  of  plates  with  a  time  interval  of 
16  years  indicate  that  on  the  assumption 
of  a  constant  rate  of  expansion,  the  nebu- 
losity was  ejected  600  years  ago.  Since 
spectroscopic  observations  indicate  a  ve- 
locity of  expansion  of  the  order  of  80 
to  100  km/sec,  the  resulting  distance  is 
260  parsecs.  The  corresponding  absolute 
magnitude  of  R  Aquarii  at  maximum  is 
Mvis  =  —0.4,  in  excellent  agreement  with 
the  generally  adopted  absolute  magnitude 
of  long-period  variables  with  periods  be- 
tween 300  and  400  days.  The  expanding 
nebulosity  leaves  little  doubt  that  the  blue 
companion  of  R  Aquarii  is  an  ex-nova. 
With  its  very  low  velocity  of  ejection,  it 
seems  to  be  related  to  the  recurrent  novae 
RS  Ophiuchi  and  T  Pyxidis. 

Nova  Herculis.  Photographic  observa- 
tions of  the  shell  have  been  continued 
by  Baade  at  the  Cassegrain  focus  of  the 
100-inch  telescope.  There  have  been  no 
changes  in  the  remarkable  image  pro- 
duced by  the  [N 11]  lines  A6548  and  A6584. 
The  ring  structure  of  the  image  in  the 
chief  nebular  lines,  A4957  and  A5007,  has 
now  fully  emerged,  but  it  is  found  that  the 
ring  does  not  extend  over  the  full  circum- 
ference. There  are  two  gaps  at  the  ends  of 
the  minor  axis  where  the  ring  crosses  the 
bright  bar  of  the  [Nn]  image.  Evidently 
the  [Oiii]  emission  is  suppressed  where 
the  [Af  11]  emission  is  strong. 

During  the  year  the  shells  of  two  other 
novae,  Nova  Cygni  (1920)  and  CP  Lacer- 
tae  (1936),  have  been  found  on  red  photo- 
graphs (AA6300-6700)  at  the  Newtonian 
focus  of  the  100-inch  telescope. 


Nova  Cygni  1920.  The  shell,  which  is 
circular  and  rather  bright,  has  a  diameter 
of  4.3  seconds  of  arc.  On  the  assumption 
of  a  constant  rate  of  expansion  with  the 
spectroscopically  suggested  velocity  V  = 
650  km/sec,  the  distance  of  the  nova 
becomes  D  =  1470  parsecs,  and  its  absolute 
magnitude  at  maximum  Mmax  =  —8.9. 
The  fact  that  Nova  Cygni  reached  a  high 
luminosity  in  spite  of  a  rather  low  ve- 
locity of  expansion  makes  it  doubtful 
whether  the  correlation  between  lumi- 
nosity and  velocity  of  ejection,  suggested 
by  previous  data,  is  significant. 

Nova  CP  Lacertae  1936.  As  was  to  be 
expected  from  the  high  velocity  of  ex- 
pansion, the  shell  of  this  nova  is  now,  8 
years  after  the  outburst,  already  very  faint. 
Its  present  diameter  is  3.5  seconds  of  arc, 
which,  combined  with  the  spectroscopically 
determined  velocity  of  expansion  F  =  2000 
km/sec,  leads  to  a  distance  of  1740  parsecs 
and  an  absolute  magnitude  at  maximum 

Mmax  =    —9.2. 

The  spectra  of  Nova  Aquilae  1943  and 
Nova  Cygni  1942  have  been  observed  by 
Sanford.  Both  stars  are  very  faint,  but 
their  spectra  seem  to  follow  the  normal 
course  of  development.  A  spectrogram  of 
Nova  Puppis  1942  obtained  with  the  coude 
spectrograph  in  November  1943  showed 
many  minima  within  the  wide  emission 
bands.  In  general,  the  spectrum  resembled 
that  observed  seven  months  previously, 
but  with  many  differences  in  details. 

Most  of  the  spectroscopic  observations 
of  several  of  the  older  novae  as  well  as  of 
the  nebulosities  around  Nova  Herculis, 
Nova  Persei,  and  R  Aquarii  have  been 
made  by  Humason. 
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EXTRAGALACTIC  NEBULAE 


Resolution  of  Messier  32,  NGC  205,  the 

Central  Region  of  the  Andromeda 

Nebula,  NGC  147,  and  NGC  185 

Recent  photographs  on  red-sensitive 
plates,  taken  by  Baade  with  the  100-inch 
telescope,  have  for  the  first  time  resolved 
into  stars  the  two  companions  of  the 
Andromeda  nebula,  Messier  32  and  NGC 
205;  the  central  region  of  the  Andromeda 
nebula  itself;  and  two  new  members  of 
the  local  group  of  galaxies,  NGC  147  and 
NGC  185,  both  nebulae  of  type  E.  The 
addition  of  the  latter  two  objects  increases 
the  number  of  recognized  members  of  the 
local  group  of  galaxies  to  thirteen. 

The  brightest  stars  in  all  three  systems 
of  the  Andromeda  group  have  the  photo- 
graphic magnitude  21.3  and  the  mean 
color  index  +1.3  mag.  Since  the  revised 
distance-modulus  of  the  group,  uncorrected 
for  galactic  obscuration,  is  m  —  M  =  22.4, 
the  absolute  photographic  magnitude  of 
the  brightest  stars  in  these  systems  is 
MPg  =  —1.1. 

After  allowance  for  galactic  obscuration, 
the  distance-modulus  of  NGC  147  and 
NGC  185  from  magnitudes  of  their  bright- 
est stars  is  m  —  M  =  21.5,  corresponding  to 
a  distance  of  205  kpc.  The  projected  linear 
separation  of  the  pair  amounts  to  3.5  kpc, 
their  distance  from  the  Andromeda  nebula 
to  40  kpc.  The  latter  value  suggests  that 
both  objects  are  companions  of  the  Androm- 
eda nebula.    In  structure  they  are  inter- 


mediate between  systems  like  NGC  205 
and  the  extremely  loose  Sculptor  and  For- 
nax systems.  The  radial  velocity  of  NGC 
185,  uncorrected  for  galactic  rotation,  is,  ac- 
cording to  Mayall,  —270  km/sec;  that  of 
NGC  147  has  not  been  measured. 

A  discussion  of  the  available  data  shows 
that  the  Hertzsprung-Russell  diagram  of 
the  stars  in  early-type  nebulae  is  closely 
related  to,  if  not  identical  with,  that  of  the 
globular  clusters.  This  leads  to  the  con- 
clusion that  the  stellar  populations  of  the 
galaxies  fall  into  two  distinct  groups,  one 
represented  by  the  well  known  Hertz- 
sprung-Russell  diagram  of  the  stars  in  our 
solar  neighborhood  (the  slow-moving 
stars),  the  other  by  that  of  the  globular 
clusters.  Characteristic  of  the  first  group 
(type  I)  are  highly  luminous  O-  and  B- 
type  stars  and  open  clusters;  of  the  second 
(type  II),  short-period  Cepheids  and  glob- 
ular clusters.  Early-type  nebulae  (E  — 
Sa)  seem  to  have  populations  of  pure  type 
II.  Both  types  seem  to  coexist  in  the 
intermediate  and  late-type  nebulae. 

Spectroscopy 

During  the  year  Humason  has  photo- 
graphed the  spectra  of  18  extragalactic 
nebulae  with  the  low-dispersion  spectro- 
graph at  the  Cassegrain  focus  of  the  100- 
inch  telescope.  Most  of  the  objects  are  of 
types  Sa,  Sb,  and  Sc,  fainter  than  the  thir- 
teenth magnitude. 


LABORATORY  INVESTIGATIONS 


Since  his  retirement  from  the  Observa- 
tory, Dr.  A.  S.  King  has  been  engaged 
mainly  in  war  investigations  but  has  occa- 
sionally carried  on  some  studies  in  the 
Physical  Laboratory,  where  his  long  ex- 
perience and  manipulative  skill  have  been 
extremely  valuable.  Such  an  investigation 
is  described  below. 


Relative  Intensities  of  the  Band 
Systems  of  CN 

Both  the  emission  and  the  absorption 
spectrum  of  CN  have  been  photographed 
by  King  under  various  conditions  of  ex- 
citation in  electric  furnace  and  arc.  The 
red  bands  of  the  emission  spectrum  are 
found   to   be   strong   throughout   a   wide 
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range  of  temperature,  and  at  low  tempera- 
tures are  stronger  than  the  violet  bands. 
In  the  absorption  spectrum  the  red  bands 
are  faint  in  comparison  with  those  in  the 
violet.  This  effect,  together  with  a  relative 
strengthening  of  the  red  bands  when  the 
supply  of  CN  is  increased,  points  to  a  lower 
transition  probability  for  the  red  system 
than  for  the  violet.  Such  a  condition  is  in 
agreement  with  theory  in  so  far  as  it  has 
been  developed  for  the  CN  spectrum. 

One  of  the  bands  used  in  this  com- 
parison, near  A7900,  appears  in  the  spectra 
of  many  red  stars.  To  facilitate  the  identi- 
fication of  CN  in  such  stars  by  means 
of  this  band,  wave-length  measures  have 
been  made  of  over  100  band  lines  which 
are  most  prominent  in  the  absorption  spec- 
trum of  the  furnace.  These  are  the  lines 
which  should  appear  most  readily  in  stellar 
spectra. 

The  data  should  be  useful  in  connection 
with  Sanford's  spectrograms  of  N-type 
stars. 


The  Polarizing  Monochromator 

As  an  aid  to  the  use  of  the  interference 
type  of  polarizing  monochromator  for  ob- 
servations of  solar  prominences,  Pettit  has 
made  a  study  of  the  shift  of  the  trans- 
mission band  with  temperature.  Two 
monochromators  which  normally  transmit 
the  Ha  line  were  observed  over  a  tempera- 
ture range  of  40  to  45  °  C  with  a  1 -meter 
concave-grating  spectroscope.  The  tem- 
perature was  controlled  by  a  thermostat. 

The  shift  AA,  in  angstrom  units,  com- 
puted from  Sosman's  formula  for  the  bire- 
fringence of  quartz,  is 

AA  =  0.71  (t  —  t0)  +  0.00086  (/2  —  t02). 

The  observed  and  the  computed  curves 
agree  for  temperatures  higher  than  25  °  C, 
but  for  lower  temperatures  the  observed 
AA  is  distinctly  less  than  theory  requires. 
At  the  temperatures  at  which  the  mono- 
chromators are  normally  used,  observation 
and  theory  give,  respectively,  AA  =  —0.78 
and  —0.79  A  per  centigrade  degree. 


MAINTENANCE  AND  OPERATION 


About  14  per  cent  of  the  time  of  the 
instrument  shop  has  been  devoted  to  regu- 
lar Observatory  work  and  86  per  cent  to 
construction  related  to  the  war.  Repairs 
and  maintenance  of  the  instruments  and 
equipment  have  required  most  of  the  time 
given  to  Observatory  activities,  and  little 
new  apparatus  has  been  built.  The  repair 
of  the  large  crane  in  the  dome  of  the  100- 
inch  telescope  necessitated  nearly  two 
weeks  of  work  in  Pasadena  and  on  Mount 
Wilson  on  the  part  of  several  members 
of  the  shop  force.  Albert  Mclntire  has  been 
in  charge  of  the  instrument  shop,  and  the 
design  of  all  new  equipment  has  been 
carried  on  by  Edgar  C.  Nichols  assisted 
by  Harold  S.  Kinney. 

The  time  of  the  optical  shop  has  been 
occupied  almost  exclusively  with  war  work 


under  the  superintendence  of  Donald  O. 
Hendrix.  Since  retirement,  John  S.  Dalton 
has  been  engaged  in  the  optical  shop  on  the 
figuring  of  the  large  correcting  plate  for 
the  48-inch  Schmidt  telescope  under  an 
agreement  with  the  California  Institute 
of  Technology. 

Buildings  and  Grounds 

The  heavy  February  snowstorm  caused 
considerable  damage  to  the  roofs  of  the 
two  smaller  water  reservoirs  on  Mount 
Wilson.  Repairs  were  fully  completed  in 
June  by  A.  N.  Beebe,  superintendent  of 
construction,  who  also  assisted  in  the  open- 
ing of  the  Toll  Road  after  the  blocking 
of  the  main  highway. 

The  absence  on  military  service  of  Sid- 
ney A.  Jones,  engineer,  has  added  consider- 
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ably  to  the  responsibility  and  duties  of  building  of  a  new  air-conditioned  photo- 
Kenneth  de  HufT,  who  has  provided  ef>  graphic  darkroom,  which  has  been  in  use 
fectively  for  the  maintenance  of  the  instru-  for  several  months.  No  other  important 
ments  and  the  utilities  on  Mount  Wilson,  construction  on  Mount  Wilson  has  been 
A  valuable  addition  to  the  efficiency  of  undertaken  during  the  year,  apart  from  the 
operation  of  the  6o-inch  telescope  was  the  usual  repairs. 


THE  LIBRARY 


Because  of  the  war,  observatories  and 
learned  societies  have  issued  very  few  pub- 
lications during  the  year;  the  library  has 
acquired,  therefore,  very  little  such  mate- 
rial, and  has  received  only  85  periodicals, 
27  of  which  are  in  exchange.  It  has  added, 
however,  254  bound  volumes;  53  by  pur- 
chase, 93  by  gift,  and  108  by  binding, 
making  a  total  of  15,309  volumes.  Of  the 
gifts,  79  volumes  are  the  first  from  Dr. 
Hale's  scientific  library,  which  has  now 
come  to  the  Observatory,  to  be  accessioned 
and  catalogued  as  part  of  the  Observatory 
library.  No  estimate  has  yet  been  made 
of  the  total  number  of  books  in  this  rich 


and  outstanding  gift,  but  the  large  col- 
lection includes  many  rare  items,  such  as 
the  1600  edition  of  Gilbert's  De  magnete; 
first  editions  of  the  works  of  Tycho  Brahe, 
Kepler,  and  Galileo  (Sidereus  nuncius, 
1 610;  Mace  hie  solari,  161 3;  Dialogo  dei  due 
sistemi  del  mondo,  1632,  etc.) ;  Scheiner's 
Rosa  ursina;  a  fine  run  of  other  astro- 
nomical books  from  the  sixteenth  through 
the  eighteenth  century;  and  many  modern 
works  on  astronomy  and  allied  subjects, 
as  well  as  biographies  and  studies  of  the 
history  of  science.  It  is  a  most  valuable 
and  important  addition  to  the  Observatory 
library. 
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SPECIAL  PROJECTS:   ASTRONOMY 

Dirk  Brouwer,  Yale  University  Observatory,  New  Haven,  Connecticut.  Program  for 
the  determination  of  systematic  corrections  to  fundamental  catalogues  from  observa- 
tions of  minor  planets.   (For  previous  reports  see  Year  Books  Nos.  40  to  42.) 

The  routine  activity  continued  on  the  Dr.  Land  completed  the  orbit  correction 
same  basis  as  during  the  preceding  year,  for  the  minor  planet  (57)  Mnemosyne.  The 
Again  the  Thomas  J.  Watson  Astronomi-  purpose  of  this  work  was  the  derivation  of 
cal  Computing  Bureau  devoted  all  its  ef-  improved  starting  coordinates  for  a  new 
forts  to  war  projects  and  could  not  under-  integration.  Photographic  observations  on 
take  any  computations  for  this  program.  83  nights  in  seven  oppositions  were  in- 
This  circumstance  and  the  fact  that  eluded  in  the  discussion.  The  close  de- 
ephemerides  normally  furnished  by  the  pendence  of  the  asteroid  program  on  the 
Coppernicus  Institut  in  Berlin  were  not  Yale  zone  catalogue  program  is  demon- 
received  made  it  necessary  to  continue  strated  by  the  circumstance  that  on  only 
numerical  integrations  for  four  minor  17  nights  could  the  reduction  be  made 
planets  at  Yale  Observatory.  Dr.  Hans  G.  with  the  aid  of  positions  and  proper 
Hertz  was  principally  in  charge  of  this  motions  from  recent  Yale  catalogues.  The 
work,  as  well  as  of  the  computation  of  number  is  so  small  because  the  observa- 
ephemerides,  until  he  left  the  Observatory  tions  were  limited  to  declinations  near  the 
in  November  1943,  to  join  the  staff  of  the  equator,  where  the  zone  catalogue  pro- 
U.  S.  Naval  Observatory.  Since  that  date  gram  is  still  incomplete.  Most  of  the  re- 
the  computations  have  been  continued  by  ductions  were,  therefore,  made  with  the 
Dr.  Brouwer  and  Dr.  Gustav  Land.  The  aid  of  the  star  positions  from  the  Astro- 
ephemeris  of  the  minor  planet  (3)  Juno  nomische  Gesellschaft  catalogues  without 
was  again  furnished  by  Dr.  Paul  Herget,  proper  motions,  the  work  having  been  so 
now  at  the  U.  S.  Naval  Observatory.  arranged   that   corrections   may   be   intro- 

The  number  of  plates  taken  during  the  duced    with    little    additional    calculation 

year  was  539,  of  which  206  were  obtained  when  the  Yale  positions  become  available, 
at  the  Southern  Station  in  Johannesburg, 

72  in  New  Haven,  and  261   at  the  Alle-  BIBLIOGRAPHY 

gheny  Observatory.  The  number  of  plates  Land?  Gustav.    The  orbit  of  (57)  Mnemosyne. 

measured  was  146,  all  by  Dr.  Land.  Astron.  Jour.,  vol.  51,  pp.  88-91  (1944). 

S.  A.  Mitchell,  University  of  Virginia,  Charlottesville,  Virginia.  Astronomical  studies 
at  the  Leander  McCormic^  Observatory.  (For  previous  reports  see  Year  Books 
Nos.  38  to  42.) 

Further  studies  toward  the  classification  the  other  half  of  the  motions  come  from 

of  the  structure  of  our  galaxy  have  been  a  zone  in  the  southern  skies  observed  at 

made   during   the   year.   The   motions   of  the    Royal    Observatory    at    the    Cape    of 

more  than  60,000  stars  in  the  Observatory's  Good  Hope. 

general  proper-motion  program  are  giving  The  high   accuracies  of  the   individual 

most  interesting  results.    The  motions  of  motions  of  the   stars,  which  cover  about 

about  half  this  great  number  of  stars  have  seven-eighths   of   the    area   of   the   whole 

been   measured  from   McCormick   photo-  sky,   and   the   great   number   of   stars   in- 

graphs  with  the  26-inch  visual  refractor;  volved    (amounting    to    about    twice    the 
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number  contained   in  the   General   Cata-  from  that  with  respect  to  the  bright  late- 

logue  published  by  the  Carnegie  Institu-  type  stars,  i.e.,  stars  of  types  K  and  M. 
tion)  will  give  results  of  great  importance         To  explain  the   difference  it  has  been 

for  three  separate  problems:    (i)  the  mo-  customary  to  assume  that  the  motions  of 

tion  of  the  sun  with  respect  to  stars  of  the  near-by  early-type  stars  were  disturbed 

different   magnitudes   and  spectral  types;  by  the  effects  of  certain  widely  dispersed 

(2)  the  rotation  of  the  galaxy;  and  (3)  the  "clusters."    Now,  however,  we  find  that 

constant  of  precession  of  the  equinoxes.  the  sun's  motion  with  respect  to  the  faint 

Formerly,  it  was  believed  that  the  field  A  and  F  stars  is  the  same  as  with  respect 

of    gravitational    force    surrounding    the  to  the  brighter  stars  of  the  same  types, 

sun    was    intermediate    between    a    force  Again,  its  motion  with  respect  to  the  faint 

which  varies  inversely  with  the  square  of  K  and   M   stars   agrees  with  that  found 

the  distance  to  the  center  of  the  galaxy,  from  the  brighter  late-type  stars.  In  other 

and  a  force  which  varies  directly  with  the  words,  the  early-type  stars  as  a  system  are 

distance.    Such  fields  of  force  have  been  moving  with  a  greater  orbital  speed  around 

observed  in  other  galaxies.    Now,  with  a  the  galactic  center  than  is  the  system  of  the 

much   larger  body   of  material  than  has  late-type  stars.    If  we  assume  an  inverse- 

hitherto  been  available,  and  with  the  mo-  square  law  of  force,  this  behavior  may  be 

tions  referred  to  a  more  reliable  funda-  interpreted   to   mean   that   the   early-type 

mental  framework  than  previously,  it  ap-  stars  are  moving  in  less  eccentric  orbits 

pears  that  the  stars  in  our  neighborhood  than  the  late-type  stars, 
move  very   nearly   as  they   would  if  the         This  suggests  two  interesting  analogies 

attracting  mass  were  highly  concentrated  between  the  motions  of  the  stars  in  our 

at  the  center.    In  other  words,  the  force  vicinity  and  those  of  the  members  of  the 

seems  to  be  approximately  inversely  pro-  solar  system.   Thus,  in  each  case  we  find 

portional  to  the  square  of  the  distance  to  a  definite  tendency  for  large  orbital  eccen- 

the    center.    A   conservative    estimate    by  tricities  to  be  associated  with  large  orbital 

Dr.  A.  N.  Vyssotsky  and  Dr.  Emma  T.  R.  inclinations.   Again,  if  we  confine  our  at- 

Williams  indicates  that  probably  consider-  tention  to  stars  of  the  main  sequence,  the 

ably  more  than  90  per  cent  of  the  mass  larger   eccentricities   and   inclinations   are 

of  our  galaxy  is  closer  to  the  center  than  characteristic  of  the  less  massive  stars;  they 

is  our  sun.   We  are  apparently  situated  in  are  seldom  found  among  the  heavier  stars 

an  outlying  region  of  our  galaxy  corre-  of  the  main  sequence.  Just  so,  in  the  solar 

sponding  to  the  faint  parts  of  other  galaxies  system    we    find    that    the    least    massive 

which  have  thus  far  been  impossible  to  members,  the  comets,  are  characterized  by 

observe  for  radial  velocities  and  for  which,  the  largest  eccentricities  and  inclinations, 

therefore,    no   fields   of   force   have   been  and  there  is  a  steadily  diminishing  trend 

derived.  in  average  eccentricities  and  inclinations 

The  period  of  revolution  of  the  stars  in  as  we  progress  with  increasing  mass  to  the 
our  neighborhood  around  the  distant  cen-    .  asteroids,  then  to  the  less  massive  planets, 

ter   turns   out   to   be   close   to   what   had  and  finally  to  the  heavy  planets, 
previously  been  estimated,  namely,  about         Discussion  of  the  motions  has  not  been 

two  hundred  million  years.  completed,   and   from   further   analysis   it 

It   has   long  been   recognized   that   the  is  hoped  that  additional  insight  will  be 

sun's  motion  with  respect  to  the  bright  gained   into   the   structure   and   dynamics 

early-type  stars,  the  A  and  F  stars,  differs  of  our  galaxy. 
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During  the  past  year  the  participation 
of  the  Laboratory  in  the  war  effort  has 
continued  along  the  same  lines,  and  on 
essentially  the  same  scale,  as  described  in 
the  last  two  annual  reports.  Our  custom- 
ary work  began  to  be  laid  aside  in  June 
1941,  at  which  time  a  comprehensive  pro- 
gram of  research  and  development  was 
undertaken  at  the  request  of  the  National 
Defense  Research  Committee  and  under 
government  contracts  that  have  continued 
to  the  present  time.  Somewhat  later,  there 
were  taken  up,  also  under  NDRC  aus- 
pices, two  smaller  projects,  one  of  which 
has  been  completed.  To  this  work,  which 
involves  close  cooperation  with  the  Army 
and  Navy,  all  facilities  of  the  Laboratory 
have  been  applied,  together  with  the 
services  of  all  members  of  the  Laboratory, 
with  the  exception  of  five  members  of  the 
scientific  staff  who  are  on  leave  of  absence 
without   pay   for   the   purpose   of   taking- 


important  assignments  in  the  armed  serv- 
ices or  in  other  war  agencies.  In  addi- 
tion, about  sixty  employees  have  been  en- 
gaged in  various  capacities  on  a  temporary 
basis. 

As  a  result  of  the  investigations  that 
have  been  carried  on,  a  considerable  vol- 
ume of  new  information  has  been  forth- 
coming. It  may  be  of  interest  to  note  that 
the  NDRC  program  of  which  the  Labo- 
ratory's main  project  is  a  part,  and 
into  which  it  ties  closely,  has  been  stated 
by  competent  authority  to  be  the  most 
extensive  series  of  investigations  ever 
undertaken  on  the  particular  subject. 
Results  have  been  made  available  to  the 
armed  services  and  to  various  govern- 
ment agencies. 

A  few  papers,  representing  previous 
work  of  the  Laboratory,  have  been  pub- 
lished in  technical  journals  during  the 
past  year.  Abstracts  of  these  papers  follow. 


SUMMARY  OF  PUBLISHED  WORK 


(1079)  The  binary  system  NaPOs — Na4P207. 
George  W.  Morey  and  Earl  Ingerson. 
Amer.  Jour.  Sci.,  vol.  242,  pp.  1-6  (1944). 

The  system  Na20 — P205  resembles  the 
systems  Na20 — Si02  and  Na20 — B203,  pre- 
viously studied  in  this  Laboratory,  in  that 
at  the  high-alkali  end  the  ortho-compounds 
crystallize  readily;  in  the  intermediate  por- 
tions glasses  are  formed  which  can  be  crystal- 
lized without  difficulty;  and  in  mixtures  low 
in  sodium  oxide  the  tendency  toward  glass 
formation  greatly  increases.  Other  duties  have 
made  it  necessary  to  stop  the  projected  study 
of  this  system,  and  this  paper  puts  on  record 
results  obtained  in  the  partial  system  NaPO;5 
— Na4P207.  There  is  a  eutectic  at  552  °  and 
0.31  weight  fraction  Na4P207,  at  which  the 


crystalline  phases  are  NaP03  and  Na5P3O10, 
the  only  binary  compound  between  the  two 
end  members.  Na5P3Oi0  melts  incongruently 
at  622 °,  forming  crystals  of  Na4P2Or  and 
liquid  containing  0.495  weight  fraction 
Na4P207.  Optical  properties  of  these  three 
compounds  are  given. 

(1080)  Some  aspects  of  the  melting  and  crystal- 
lization of  rock-forming  minerals.  J.  F. 
Schairer.  Amer.  Mineralogist,  vol.  29,  pp. 
75-91    (1944). 

Because  of  the  wartime  cancellation  of  the 
annual  meeting  of  the  Mineralogical  Society 
of  America,  this  address  of  the  retiring  presi- 
dent was  not  presented  orally,  but  the  Society 
asked  that  it  be  prepared  for  publication.  The 
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paper  gives  a  general  survey  of  work  on  one 
of  the  most  interesting  problems  of  earth 
science,  the  delineation  of  the  physical  chem- 
istry of  the  crystallization  of  rock-forming 
minerals  from  magmas. 

The  rock  magma — a  molten  solution  of 
complex  silicates — is  the  parent  source  of  the 
igneous  rocks  and  their  minerals.  Many 
igneous  rock  types  may  result  from  the  cool- 
ing and  crystallization  of  this  magma. 

Much  information  on  the  processes  in- 
volved in  igneous-rock  origin  has  been  ob- 
tained from  detailed  petrographic  examina- 
tions of  samples  of  igneous  rocks  and  from 
geological  field  data  on  the  interrelations  of 
the  various  rocks.  However,  in  order  to 
understand  and  interpret  the  complex  phe- 
nomena of  crystallization,  with  changing 
mineral  assemblages  responding  to  changes 
in  thermodynamic  environment  brought 
about  by  cooling  or  by  changes  in  pressure, 
it  has  been  necessary  to  study  the  phase 
equilibrium  relations  in  a  large  number  of 
silicate  systems.  Fundamental  information 
concerning  the  mode  of  origin  of  the  miner- 
als of  the  igneous  rocks  has  been  obtained 
through  the  preparation  of  silicate  melts 
(simplified  artificial  magmas)  in  the  labora- 
tory with  controlled  variations  of  chemical 
composition,  and  through  study  of  the  be- 
havior of  these  melts  at  equilibrium  under  a 
wide  variety  of  temperature  and  pressure 
conditions. 

Substantial  progress  has  been  made  in  de- 
termining the  exact  chemical  compositions 
and  range  of  compositions  and  the  tempera- 
ture stability  relations  of  the  various  rock- 
forming  olivines,  pyroxenes  (and  related 
pyroxenoids),  and  melilites.  Some  progress 
has    been    made    on    determination    of    the 


mutual  melting  relations  among  these  groups 
of  minerals  and  between  these  minerals  and 
other  rock-forming  species.  More  progress  on 
both  aspects  of  the  problem  may  be  expected 
from  further  studies  on  the  quaternary  sys- 
tems that  have  been  investigated  at  the  Geo- 
physical Laboratory  and  also  at  the  University 
of  Chicago. 

(1081)  Why  petrofabrics?  Earl  Ingerson.  Trans. 
Amer.  Geophys.  Union,  25th  annual 
meeting.    (In  press.) 

This  paper  is  primarily  an  explanation  of 
petrofabrics.  It  does  not  discuss  theories  of 
rock  deformation,  nor  does  it  give  the  de- 
tails of  petrofabric  techniques.  These  sub- 
jects have  been  treated  adequately  in  English 
by  several  authors.  The  present  treatment 
defines  petrofabrics  and  outlines  its  scope.  It 
then  gives  a  brief  history  of  the  development 
of  various  branches  of  the  subject. 

The  uses  of  the  specialized  techniques  of 
petrofabrics  are  discussed  as  applied  to  igneous 
geology,  problems  in  sedimentation,  meta- 
morphic  rocks,  structural  problems,  and  map- 
ping. Examples  of  actual  use  are  given,  and 
it  is  pointed  out  that  some  of  the  interpre- 
tations would  not  have  been  possible  without 
these  techniques.  In  other  cases  the  new 
techniques  corroborated  and  strengthened 
interpretations;  in  still  others  they  saved  a 
great  deal  of  time. 

Other  types  of  problems  are  mentioned  in 
which  these  techniques  are  of  no  value. 

Interpretation  of  grain  orientation  diagrams 
is  discussed  briefly.  Published  experimental 
work  looking  toward  more  secure  interpre- 
tation is  reviewed,  and  other  projects  are 
suggested. 

(1082)  Annual  Report  for  1943-1944. 
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SUMMARY 

Geomagnetic  progress  during  the  year  1940  through  June  1944  were  116,500  and 
July  1,  1943,  to  June  30,  1944,  even  though  20,600,  respectively.  One  hundred  and  sev- 
practically  all  the  men  of  the  staff  were  enty-six  temporary  employees  (including 
engaged  in  war  problems,  was  good.  This  physicists,  engineers,  mathematicians,  corn- 
is  attributable  to  the  fact  that  many  of  puters,  machinists,  clerks,  and  guards) 
these  problems  required  research  utilizing  were  necessary,  and  the  total  peak-number 
the  wealth  of  observational,  theoretical,  of  persons  at  the  Department  during  the 
and  instrumental  material  already  in  hand  year  was  247.  Besides  these,  13  of  our 
through  the  work  and  compilations  of  the  regular  and  2  of  our  temporary  personnel 
Department  during  forty  years.  are  on  leave  of  absence  either  in  the  armed 

Of  the   ten   nonprofit   contracts   under-  services  or  in  governmental  war  agencies. 

taken    by    the    Carnegie    Institution    of  The   development   of  these   projects   as 

Washington  in  this  Department  and  still  regards    temporary    personnel    was    again 

active  June  30,  1943,  four  with  the  Office  made  possible  by  the  action  of  universi- 

of  Scientific  Research   and   Development  ties  and  individual  organizations  through 

and  one  with  the  United  States  Navy  were  the  generous  granting  of  leaves  of  absence 

successfully  concluded.   Continuing  or  ex-  and  provision  of  technical  advice. 

tended    contracts    include    two    with    the 

Office  of  Scientific  Research  and  Develop-  Review  of  Year's  Activities 

ment,  two  with  the  United  States  Navy,  n        •       7     •         t-u          1           £ 

;  Cosmic  relations.   1  he  analyses  or  cosmic 

and  one   with   the   United   States   Army.  1  .           .■        1  .     •                   1 

;  data  continued  to  increase  solar,  geomag- 

Two  new  contracts  were  made  with  the  ^    ionospheric?    and    auroral    corrda_ 

United  States  Navy-one  for  the  Naval  tions>  The  resuks  o£  kst  year  were  £urther 

Research  Medical  Center  and  one  for  the  confirmed   and   the   operational   value   of 

Naval  Hospital-and  two  more  were  ar-  the   concluslons   regarding   the   effects   of 

ranged  to  begin  after  July  1,  1944,  one  of  ionospheric  and  geomagnetic  disturbances 

these  with  the  United  States  Navy  for  its  on  conditions  of  radio   transmission  and 

Naval  Hospital  and  one  with  the  United  reception  was  demonstrated. 

States  Public  Health  Service  for  its  Na-  A  close  qualitative  correlation  was  iden- 

tional  Institute  of  Health.  tined  between  the  intensity  of  auroral  dis- 

These  contractual  obligations  require  95  playS   at    Ithaca,    New    York,    and    rapid 

per  cent  of  the  services  of  the  available  changes  in  horizontal  intensity  at  Huan- 

full-time   and    part-time    regular    staff   of  cayo  during  the  larger  storms  of  the  past 

71  in  Washington  and  at  the  observatories,  few  years;  this  was  done  in  cooperation 

The  services  so  rendered  without  charge  with    Dr.    C.    W.    Gartlein,    of    Cornell 

to  the  government  during  this  report-year  University.     Abrupt    maxima    of    aurora 

aggregated  some  25,550  hours  for  the  sci-  recorded    on    a    photoelectric    photometer 

entiiic  staff  and  4050  for  the  administrative  (designed  by  Dr.  Gartlein  with  the  finan- 

staff ;    corresponding   totals   from   August  cial  assistance  of  the  National  Geographic 
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Society)    correspond   within   one   or   two  include  quantitative  results  for  the  auroral 

minutes,   in   a   high   percentage  of  cases,  zone  and  regions  within.  Isolines  of  equal 

to    the    most    prominent    feature    of    the  daily  and  hourly  percentage-frequency  of 

geomagnetic  disturbance — usually  a  rapid  occurrence    of    visually    observed    aurora 

decrease  in  horizontal  intensity.  were    mapped    for   the   Northern   Hemi- 

The   Department   undertook,   upon   re-  sphere.   A  derivation  is  under  way  of  the 

quest,   to   serve   as   a   clearing   house   for  zone  of  maximum  auroral  frequency  in 

observations  of  sunspots  by  many  Ameri-  the  Southern  Hemisphere,  using  geomag- 

can  observers  pending  re-establishment  of  netic  as  well  as  auroral  data.   The  extent 

communication  with  the  international  cen-  and  frequency  of  expansions  of  the  auroral 

ter  for  such  data  at  Zurich,  Switzerland,  zone  during  magnetic  storms  are  also  be- 

The  material  collected  is  made  available  ing  studied. 

to  interested  governments  and  private  Four  portable  magnetographs  were  corn- 
laboratories.  Analyses  of  magnetic  and  pleted  and  tests  undertaken  at  the  Chel- 
ionospheric  conditions  coincident  with  out-  tenham  Magnetic  Observatory  of  the 
standing  solar  activity  are  enhanced  by  United  States  Coast  and  Geodetic  Survey 
the  more  complete  solar  data  thus  imme-  preliminary  to  assignment  for  field-use. 
diately  available.  Improvements   were   made   in   the  visual 

Geomagnetic  investigations.    Tables  ap-  recording   magnetograph,   of   which   two 

plicable  in  a  world-wide  sense  in  the  re-  are  now  in  use  at  ionospheric  stations, 

duction  of  magnetic  observations  to  epoch  Terrestrial  electricity.  Atmospheric-elec- 

were  extended  to  include  the  years  1942  trie  instruments  for  studies  in  ionization 

and  1943.   The  reduction  of  field-observa-  were  improved.    An  investigation  of  the 

tions  to  epoch  for  over  10,000  stations  on  charging-mechanism  of  the  thunderstorm 

land    and    sea    is    now    about    two-thirds  was   completed.    The  theory   and   limita- 

complete.  tions  of  the  use  of  the  columnar  resistance 

Useful   tests   for   adjusting   isomagnetic  of  the  atmosphere  were  further  developed, 

charts  to  mutual  consistency  were  evolved.  Added  analyses  of  the   data   from  ob- 

Maps   of   magnetic   anomalies   in   certain  servatories,  particularly  Watheroo,  Huan- 

geographical    regions    are    in    preparation  cayo,  and  College,  led  to  satisfactory  con- 

and  several  for  strategic  areas  were  com-  elusions    regarding    several    characteristic 

pleted.  aspects  of  the  diurnal  variations  of  atmos- 

The  variation  in  the  amplitude  of  the  pheric  electricity  as  well  as  the  variations 

solar  daily  variation  (Sq)  with  geographi-  in  amount  of  radioactive  matter  and  in 

cal   position   was   derived   and   found   in  the  number  of  condensation-nuclei  in  the 

good  agreement  with  the  dynamo-theory  atmosphere.   The  relation  between  recom- 

of  Sq.   A  portable  magnetograph  satisfac-  bination-coefficient    and    the    mobility    of 

tory  for  field-use  was  developed  and  tested,  ions  was  determined  and  a  formula  estab- 

Calculations  were  made  of  the  effects  lished. 

of  electromagnetic  induction  in  sea-water  The   analysis   for   a   complete   sunspot- 

on  the  field  of  geomagnetic  fluctuations  cycle  of  earth-current  data  at  the  Tucson 

including  that  of  lightning-discharges.  Magnetic  Observatory  was  made,  and  strik- 

Isolines  of  equal  auroral  activity    (iso-  ing  seasonal  changes  in  the  diurnal  varia- 

chasms)     constructed    by    Fritz    for    the  tion  were  discussed. 

period    1700    to    1871    for    the    Northern  Ionosphere.      Important     contributions 

Hemisphere  were  revised  and  extended  to  leading    to    improvements    of   radio-corn- 
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munication  circuits  resulted  from  the  con-  Observatory-  and  field-wor\.   The  com- 

tinued  operation  of  ionospheric  recorders  plete     geomagnetic,     atmospheric-electric, 

at  Huancayo,  Watheroo,  and  College,  plus  ionospheric,    seismic,    and    meteorological 

the  installation  of  four  additional  instru-  programs  were  maintained  at  the  Wath- 

ments  at  other  sites  outside  the  continental  eroo,    Huancayo,    and    College    magnetic 

United  States.  observatories.    Special   studies   relating  to 

We  are  realizing  more  than  ever  before  geomagnetic,      atmospheric-electric,      and 

the  fundamental  and  binding  ties  between  ionospheric  problems  were  made  by   the 

the  ionosphere  and  the  Earth's  magnetic  staffs    at    each    observatory.     The    atmos- 

field.    Individual  bits  of  knowledge  gath-  pheric-electric     program     in     cooperation 

ered  from  studies  of  solar  activity,  aurora,  with  the  United  States  Coast  and  Geodetic 

radio  blackouts,  absorption-measurements,  Survey  at  its  Tucson  Magnetic  Observa- 

signal-intensities,  current-systems,  magnetic  tory  was  continued.    We  were  privileged 

bays,  and  many  other  geophysical  factors  to  have  active  cooperation  with  seven  ob- 

are  gradually  being  sifted  into  the  proper  servatories  abroad. 

perspective  to  provide  answers  to  some  of  Maintenance  of  international  magnetic 

the  perplexing  problems  confronting  the  standards    at    the    Cheltenham    Magnetic 

geophysicist.  Observatory   of   the   United   States   Coast 

Nuclear  physics.  The  60-inch  cyclotron  and  Geodetic  Survey  was  effected  through 
was  completed  in  December  1943,  and  the  Division  of  Geomagnetism  and  Seis- 
thus  the  need  for  an  operating  equipment  mology  of  the  Survey, 
of  this  type  in  the  region  of  Washington  Though  no  field-work  other  than  that 
was  met.  The  cooperation  of  the  National  at  the  observatories  could  be  undertaken, 
Cancer  Institute  in  continuing  assignment  it  was  possible  to  assist  various  govern- 
of  Physicist  D.  B.  Cowie  of  its  staff  until  ments,  through  loans  of  magnetic  instru- 
January  31,  1944,  when  he  was  appointed  ments,  in  undertaking  new  magnetic  sur- 
as one  of  the  regular  personnel  of  the  veys  and  obtaining  repeat-observations  at 
Department,   and   of   the   Naval   Medical  established  stations. 

Research   Center   must   be  given   a   large  Miscellaneous.     Three    of    the    retired 

share  of  the  credit  for  this.   For  the  time  staff — J.  W.  Green,  A.  Smith,  and  W.  F. 

being   the   extensive   research-program   in  Wallis — continued  their  services  and  have 

nuclear   physics   must  yield   to   the   more  been  of  great  help. 

urgent    need    of    making    the    products  The  field  of  the  Department,  perhaps 

radioactivated  with  the  equipment  useful  in  a  unique  degree  for  scientific  research, 

in  the  emergency.   It  may  be  stated,  how-  requires  team  work.    The  details  of  the 

ever,  that  the  work  under  way  will  furnish  following  pages  evidence  that  one  and  all 

many  data  of  great  future  value  in  those  gave  earnest,  efficient  effort  to  meet  that 

researches.  requirement. 

INVESTIGATIONAL  AND  EXPERIMENTAL  WORK 
TERRESTRIAL  MAGNETISM 

Those  of  the  staflf  at  Washington  chiefly  Wallis,  and  Wells,  with  Bernstein,  Mrs. 

concerned  with  geomagnetic  research  were  E.  B.  Crow,  Davids,  Goff,  Shapley,  and 

Fleming,    J.    W.    Green,    Johnston,    Miss  Zimmer,  of  the  temporary  staflf.    McNish 

Lange,  McNish,  Scott,  Sherman,  Vestine,  gave  his  full  time  to  war  problems  related 
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particularly  to  applications  of  geomagnet- 
ism. Torreson  was  on  leave  with  the  Office 
of  Scientific  Research  and  Development. 
The  others  named  averaged  95  per  cent 
of  their  time  on  matters  related  directly 
or  indirectly  to  the  war  effort.  It  was 
possible  to  accomplish  some  research,  and 
this  is  reported  below. 

Permanent  Field 

The  variation  with  geographic  position 
of  the  amplitude  of  the  solar  daily  varia- 
tion (Sq),  particularly  for  the  anomalous 
regions  between  the  geomagnetic  and  geo- 
graphic equators,  was  mapped  by  Zimmer 
using  observations  of  Sq  obtained  at  nu- 
merous field-stations  as  well  as  at  more 
sparsely  distributed  magnetic  observatories. 
The  amplitude  of  Sq  is  greatest  near  the 
geomagnetic  equator,  and  its  anomalous 
increase  is  most  marked  at  the  points  of 
greatest  departure  of  the  geomagnetic 
from  the  geographic  equator,  in  good 
agreement  with  the  interpretation  by 
McNish  of  the  dynamo-theory  of  Sq  due 
to  Balfour-Stewart  and  Chapman. 

Using  the  method  of  field-analysis  by 
integrals,  Davids  developed  and  tested 
theoretical  computations  of  vertical  inten- 
sity from  world-charts  of  horizontal  in- 
tensity and  magnetic  declination.  Bern- 
stein obtained  relationships  among  derived 
and  intrinsic  magnetic  elements  of  world- 
charts  in  horizontal  intensity  and  declina- 
tion, useful  in  certain  features  of  the  con- 
struction of  isomagnetic  charts  consistent 
with  requirements  of  electromagnetic 
theory.  Mrs.  Crow  constructed  a  map  of 
the  magnetic  anomalies  in  vertical  inten- 
sity for  Pacific  areas. 

One  main  contractual  activity  was  the 
continuation  of  work  of  the  previous  two 
years  in  supervising  by  Vestine,  with  the 
nearly  full-time  assistance  of  Miss  Lange, 
of   about   30   subprofessional   and   profes- 


sional temporary  associates.  This  work 
was  largely  along  lines  which  might  well 
be  ordinarily  normal  to  the  work  of  the 
Department,  and  thus  its  value  will  en- 
dure in  time  of  peace.  The  work  was 
greatly  facilitated  by  the  cooperation  and 
assistance  of  many  others  of  the  regular 
and  temporary  staff,  especially  by  Johnston 
and  Scott  at  Washington,  Seaton  and 
Malich  at  College,  and  Corp  at  Ivigtut. 

Late  in  the  year  the  skilled  services  of 
Professor  James  H.  Taylor,  of  George 
Washington  University,  were  temporarily 
obtained  for  a  theoretical  examination  of 
the  problem  of  adjusting  isomagnetic 
charts  to  mutual  consistency,  the  definition 
of  the  normal  geomagnetic  field,  and  in- 
trinsic properties  of  mapping  contours. 

Davids  made  valuable  studies  of  the 
changes  in  magnitude  of  short-period 
geomagnetic  fluctuations  at  various  ocean- 
depths,  because  of  electromagnetic  in- 
duction in  sea-water.  Data  on  the 
geomagnetic  effects  accompanying  light- 
ning-discharges were  also  collected  during 
a  two-year  period  for  the  magnetic  ob- 
servatories at  Huancayo  and  Watheroo. 
Davids  also  calculated  successfully  the 
general  shielding-effect  of  sea-water  for 
these  very  rapid  magnetic  fluctuations. 

The  results  of  magnetic  surveys  at  sta- 
tions on  land  and  sea  were  assembled 
by  Green  and  Wallis  through  1943  for 
use  in  this  work.  Among  these  were  the 
records  of  two  arctic  expeditions  (Boyd- 
National  Bureau  of  Standards  Expedi- 
tion of  1941  to  Greenland,  Baffin  Island, 
and  Labrador;  and  special  expedition  of 
1943  by  Fitzsimmons  to  Greenland  and 
Labrador) . 

Magnetic  Disturbances  and  Cosmic 
Relations 

The  geographic  incidence  of  aurora  and 
geomagnetic    disturbances     was     studied, 
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using  data  for  over   ioo  auroral  stations  arranged    on    as    strictly    intercomparable 

observing    since    1872    in    the    Northern  bases  as  seems  conveniently  possible,  show 

Hemisphere.  The  isochasms  of  Fritz  were  a  fairly  simple  pattern  for  the  geographic 

revised,    using    geomagnetic    as    well    as  distribution  of  characteristics  of  the  diurnal 

auroral    data,    and    extended    to    include  variation  of  aurora.    Lines  of  equal  aver- 

quantitative  results  for  the  auroral  zone  age  hourly  percentage-frequency  of  aurora 

and  the  regions  within.    Isolines  of  equal  are  being  mapped  for  the  Northern  Hemi- 

percentage -frequency   of   days   of   visually  sphere   for   several   positions   of   the   Sun 

observed    aurora    were    prepared    for    the  relative  to  the  Earth. 

Northern  Hemisphere  for  days  of  obser-  A  study  was  made  of  unusual  auroral 
vation  uninfluenced  by  unfavorable  con-  forms  observed  visually  during  1932-1933 
ditions  due  to  daylight  and  cloudiness,  at  Meanook,  Canada.  It  was  concluded 
The  improved  estimate,  using  geomag-  that  long,  thin,  feeble,  homogeneous 
netic  data,  of  the  position  of  the  region  auroral  arcs,  which  previously  have  been 
of  maximum  auroral  frequency  was  rarely  observed  in  northern  Europe,  and 
checked  and  found  to  be  in  good  agree-  of  which  six  cases  were  noted  at  Meanook, 
ment  with  extensive  auroral  observations  appear  most  frequently  and  perhaps  al- 
of  the  First  and  Second  International  ways  in  a  region  some  hundreds  of  kilo- 
Polar  Years,  1 882-1883  and  1932-1933,  and  meters  outside  the  auroral  zone.  An  arc 
with  those  of  many  expeditions  in  other  of  this  type  underwent  pulsations  in  light- 
years.  As  was  expected,  the  world-wide  intensity  of  period  similar  to  that  of  simul- 
incidence  of  aurora  shows  a  distribution  taneously  recorded  geomagnetic  pulsations, 
in  close  agreement  with  that  for  geomag-  Six  very  regular  sinusoidal  geomagnetic 
netic  disturbance.  pulsations    of    period    about    one    minute 

Near   the   center   of   the   auroral   zone,  and   amplitude   of   a   few   gammas   were 

as  in   middle   latitudes,   there   is   marked  observed  by  Sherman,  Vestine,  and  GofT, 

parallelism  between  auroral  frequency  and  using  special  equipment,  at  Turtle  Mound, 

sunspot-number;  at  the  auroral  zone  the  Florida,  within  a  period  of  two  weeks  of 

daily  frequency  of  visually  observed  aurora  operation.   Hence  these  pulsations,  of  type 

is  practically  independent  of  sunspot-num-  previously    occasionally    noted    near    the 

ber.   Isochasms  for  sunspot-maximum  and  auroral  zone?  appear  also  in  middk  latl, 

sunspot-minimum  are  in  preparation.  tudes>  where  they  may  appear  much  re_ 

Auroral   data   for   the   Southern  Hemi-  duced  [q  ayemge  amplitude. 
sphere  were  also  compiled,  and  the  posi- 
tion  of   the    southern   auroral    zone    was 
estimated,  using  the  geomagnetic  data  of 

various  expeditions.  Vestine,  Sherman,  Shapley,  and  Steiner 

The  hourly  percentage-frequency  of  developed  and  constructed  two  visually 
aurora  in  the  absence  of  clouds  and  other  recording  magnetographs,  now  in  use  in 
conditions  unfavorable  for  observation  was  the  field.  There  was  also  developed  by 
derived  for  some  30  stations.  Contrary  to  Vestine  and  Sherman  a  portable  magneto- 
certain  previous  findings,  these  data,  when  graph,   of   which   four   were   constructed. 


Instrumental  Developments 
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TERRESTRIAL  ELECTRICITY 


The  aggregate  time  spent  on  war-re- 
search during  the  report-year  was  about 
the  same  as  during  the  last  report-year. 
Rooney  resumed  his  investigations  in  geo- 
electricity  on  December  i,  1943  (after  leave 
of  absence  in  experimental  developments 
with  the  Navy),  Sherman  was  engaged  in 
war-research  the  major  part  of  the  time, 
and  Torreson  gave  full  time  to  such  work. 
Gish  and  Wait  attended^  to  most  of  the 
necessary  routine  and  did  some  research 
and  consultation  on  war  problems. 

Atmospheric  Electricity 

Development  of  instruments  and  meth- 
ods. Further  improvements  were  effected 
in  ionization-meters  (Gish  and  Sherman) 
in  order  to  meet  the  exacting  demands  of 
work  which  is  being  done  jointly  with 
Professor  V.  F.  Hess.  These  meters,  with 
minor  modifications,  hold  promise  of  be- 
ing convenient  and  effective  for  certain 
other  applications,  especially  where  the  ex- 
amination of  many  radioactive  samples 
is  required.  The  interpretation  of  some 
aspects  of  the  columnar  resistance  of  the 
atmosphere,  indicated  by  atmospheric- 
electric  data,  was  continued  (Gish),  and 
a  paper  entitled  "Evaluation  and  interpre- 
tation of  the  columnar  resistance  of  the 
atmosphere"  was  completed. 

The  charge -generating  mechanism  of 
the  thunderstorm.  Considerable  study  was 
made  of  some  aspects  of  mechanisms  pro- 
posed to  elucidate  the  generation  of  charge 
in  the  thunderstorm.  Quantitative  exami- 
nation (Gish)  brings  into  question  essen- 
tial portions  of  all  those  proposals  which 
have  not  yet  been  definitely  refuted  by 
qualitative  evidence.  Certain  gaps  in  the 
array  of  information  which  is  required  to 
prove  or  disprove  a  proposed  mechanism 
were  pointed  out,  and  reasons  for  regard- 


ing the  missing  information  as  important 
were  indicated. 

The  electric  cycle  of  the  thunderstorm 
may  be  regarded  as  consisting  of  the  fol- 
lowing steps:  (a)  the  initial  small-scale 
separation  of  charge,  in  which  individual 
particles  of  precipitation  and  cloud-par- 
ticles become  charged,  and  during  which 
ions  (submicroscopic  particles,  or  particles 
of  about  molecular  size,  with  one  element 
of  charge)  may  possibly  be  formed  in  the 
electrically  active  center  of  the  storm- 
cloud;  (b)  the  large-scale  separation  of 
charge,  in  which  particles  or  ions  charged 
with  electricity  of  one  sign  are  separated 
from  those  of  the  other  sign  to  distances 
of  several  kilometers;  this  may  consist  of 
several  steps;  (c)  the  initiation  of  the  light- 
ning-discharge, namely,  the  mobilization 
of  the  charges  on  individual  drops,  widely 
distributed  throughout  some  cubic  kilo- 
meters of  space,  at  such  a  rate  and  in  such 
a  quantity  as  to  supply  the  lightning- 
discharge  proper;  (d)  the  lightning- 
discharge,  comprising  several  identifiable 
steps  which  follow  the  foregoing  stage  and 
complete  the  electric  cycle.  This  last  phase 
of  the  cycle  is  now  much  more  clearly 
elucidated  than  the  other  steps.  It  was 
steps  (a),  (b),  and  (c)  which  were  the 
subject  of  this  study. 

Of  the  well  known  initial  charging 
processes,  that  which  occurs  upon  the  col- 
lision of  ice-particles  seems  likely  to  be 
the  most  consistent  with  the  facts  which 
are  now  known.  But  no  quantitative  study 
of  this  process  has  yet  been  made.  From 
some  available  information  about  the 
charge  developed  by  the  collision  of  dust- 
particles,  however,  it  appears  that  unless 
the  initial  separation  of  charge  is  much 
greater  in  the  case  of  ice  than  in  that  of 
dust,  or  unless  the  concentration  of  particles 
(mass  per  cc)  is  much  greater  than  any 
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seen  reported  in  reference-books  on  me- 
teorology, the  initial  separation  of  charge 
would  occur  at  a  rate  too  slow  to  account 
for  the  apparent  rate  of  regeneration  of  the 
cloud-charge,  unless  this  stage  of  charge- 
separation  occurs  in  a  region  of  turbulence. 

It  also  appears  doubtful  whether  in 
straight  winds  the  large-scale  separation  of 
charge  can  occur  at  the  rate  which  seems 
to  be  required.  From  this  study  the  fol- 
lowing tentative  views  developed:  (a) 
that  the  initial  separation  occurs  in  a 
region  of  turbulence  between  two  air- 
masses  or  air-cells;  (b)  that  a  first  stage 
in  the  large-scale  separation  (an  interme- 
diate-scale separation)  consists  in  a  centri- 
fuge-like action  of  the  eddies  in  the  tur- 
bulent region;  and  (c)  that  after  this  inter- 
mediate-scale separation,  charges  of  one 
sign  and  size  are  introduced  into  an  air- 
stream  having  a  velocity  which  may  differ 
in  both  magnitude  and  direction  from  that 
into  which  the  particles  of  opposite  sign, 
and  doubtless  different  size,  have  been 
introduced.  Apparently  this  sequence  of 
processes  would  be  more  responsive  to 
windiness  and  would  be  capable  of  separat- 
ing charge  at  a  considerably  greater  rate 
than  is  possible  in  a  straight  wind. 

Ionization  of  the  air  by  bubbling  water. 
In  view  of  the  application  to  thunder- 
storm electricity,  it  seemed  desirable  to 
test  air  from  the  vicinity  of  bubbling  water. 
Lord  Kelvin  (Proc.  R.  Soc,  vol.  57,  p.  335, 
1894)  first  showed  that  air  bubbled 
through  water  carried  a  negative  charge. 
From  experiments  by  Alty  and  later  by 
Currie  and  Alty  (Proc.  R.  Soc,  A,  vol.  112, 
p.  235,  1926;  vol.  122,  p.  622,  1929)  on  the 
motion  of  air-bubbles  through  water  in  an 
electric  field,  it  was  concluded  that  nega- 
tive ions  collect  in  the  water  around  the 
bubble,  and  that  the  positive  ions  must 
occur  deeper  in  the  water,  since  the  water 
as  a  whole  is  neutral.  It  was  also  con- 
cluded that  the  charge  on  a  bubble  in  very 


pure  water  is  5.4  X  io~4  ESU,  and  that  the 
critical  radius  is  0.033  cm,  the  charge  being 
constant  for  a  radius  down  to  this  critical 
value. 

In  the  experiment  the  small-ion  counter 
was  employed  as  the  detecting  and  meas- 
uring instrument  for  the  ions  from  the 
bubbling  water.  Air  was  forced  through 
water  to  produce  bubbling  at  the  surface, 
and  the  air  passed  upward  through  an 
air-duct  into  the  ion-counter.  The  results 
showed  that  practically  no  positive  ions, 
but  a  large  number  of  negative  ions  were 
present  in  such  air.  The  test  on  the  mo- 
bility of  the  ions  showed  the  presence 
of  two  groups  of  ions  about  equal  in 
number;  the  mobility  of  the  one  group 
being  about  half  that  of  small  ions  (or  0.8 
cm/sec/V/cm),  and  that  of  the  other 
group  about  one-tenth  that  of  small  ions 
(that  is,  about  0.15  cm/sec/V/cm).  The 
total  number  of  unit  charges  coming  from 
the  bubbling  water  was  about  3500  per  cc 
or  (since  the  air-flow  through  the  appara- 
tus was  a  liter  per  second)  about  3,500,000 
charges  per  second. 

These  ions  could  be  the  result  of  larger 
droplets  with  many  unit  electric  charges 
or  of  smaller  droplets  with  one  or  a  few 
unit  electric  charges.  If  large  droplets 
were  present,  they  would  be  expected  to 
carry  off  water  as  they  left  the  vessel  with- 
out materially  adding  to  the  relative 
humidity  of  the  surrounding  air.  Should 
the  droplets  be  sufficiently  small — that  is, 
of  molecular  dimensions — they  would 
account  for  an  increase  in  relative  hu- 
midity but  would  not  otherwise  cause 
water  to  be  carried  away.  It  was  found 
that  additional  water  was  lost  at  a  rate 
of  3.2  X  io~3  gram  per  second.  From  this 
rate,  the  rate  at  which  electric  charges  are 
collected  by  the  ion-counter,  the  mobility 
of  the  ions,  and  the  wind-velocity  through 
the  air-duct,  the  greatest  possible  radius  of 
the  ions  and  the  average  charge  per  ion 
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may  be  computed.  The  results  indicate 
that  the  limiting  radius  of  the  ion  is  2.8  X 
io~3  cm  and  that  each  ion  must  carry 
about  2,000,000  unit-charges — the  latter 
value  of  the  same  order  as  that  found  by 
Currie  and  Alty,  although  the  radius  is  of 
an  order  of  magnitude  smaller  than  that 
found  by  them.  Though  the  methods  dif- 


stant  at  3  X  io-6  during  this  interval.  (5) 
The  rate  of  small-ion  production  (q)  is 
given  by  the  equation  q  =  {an2  +  $NAn), 
where  n  is  the  number  of  small  ions  per 
cc  in  the  air  and  a  is  the  recombination- 
coefficient  of  small  ions  with  a  value  of 
2  X  io~6.  (6)  Cosmic  rays  account  for  1.5 
ion-pairs  per  cc  throughout  the  1480-meter 


fer    radically    from    those    employed    by      vertical  column,  and  the  rate  of  production 


Currie  and  Alty,  they  confirm  their  find- 
ings regarding  the  number  of  charges 
carried  by  ions  from  bubbling  water. 

Diurnal  variation  of  atmospheric-electric 
elements  in  winter  at  Watheroo.  Last 
year's  report  described  the  diurnal  varia- 
tion of  the  atmospheric-electric  elements 
for  two  types  of  days  during  winter  at 
Watheroo.  For  the  first  or  normal-day 
type,   low   wind-velocities   prevail   during 


remains  constant  throughout  the  entire  24 
hours  of  the  day. 

These  six  assumptions  permit  calcula- 
tion of  a  value  of  q  for  each  hour  and 
thence  the  values  of  the  conductivity  (A) 
of  the  lower  air  from  hour  to  hour  and 
of  the  total  resistance  (Rw)  of  a  vertical 
column.  Values  so  computed  show  good 
agreement  with  those  observed  for  the 
interval  when  the  wind-velocity  is  com- 


the  night  and  moderate  velocities  during  paratively  high. 

the  day;  for  the  second  type,  the  wind  The  computed  values  on  these  assump- 
remains  comparatively  high  during  both  tions  become  increasingly  too  small,  how- 
night  and  day.  Further  investigation  ever,  as  compared  with  the  observed  values 
(Wait)  of  the  data  for  days  of  the  second  on  days  of  the  first  type,  when  the  wind- 
type  gives  additional  evidence  concerning  velocity  goes  down  after  I'f1.  The  com- 
the  cause  of  the  diurnal  variation  in  con-  puted  values  of  Rw  compare  favorably  with 


ductivity  (a)  of  the  lower  air  and  (b) 
throughout  a  vertical  column.  It  now 
seems  possible  to  account  for  both  (a) 
and  (b)  during  the  period  ogh  to  ijh, 
when  the  wind  is  high,  on  the  following 


those  observed  until  around  midnight,  but 
become  increasingly  too  great  thereafter.  It 
appears  necessary,  therefore,  to  alter  some- 
what the  first  four  assumptions  for  the 
interval  from  1711  to  oo,b  when  the  wind- 


assumptions:  (1)  During  this  period  the  velocity  is  low,  as  follows:  (1)  After  1711, 
atmosphere  is  homogeneous  throughout  a  when  the  wind  quiets  down,  the  layer  of 
vertical  column  up  to  a  height  of  about      the  atmosphere  below  the  1480-meter  level 


1480  meters  as  regards  condensation-nuclei 
(A/a)  and  the  radioactive  content  of  the 
air.  (2)  The  radioactive  matter  consists 
entirely  of  thorium  products  in  equilib- 
rium with  the  emanation,  each  of  which 
decays  in  its  normal  manner.  (3)  The 
condensation-nuclei  content  of  the  air  re- 
mains constant  with  time  at  about  1500  per 
cc,  in  agreement  with  the  average  number 
observed  in  winter.  (4)  The  value  of  the 
combination-coefficient  ((3)  between  small 
ions  and  condensation-nuclei  remains  con- 


separates  into  two  horizontal  layers,  one 
(a)  between  0  and  about  220  meters  above 
the  ground,  and  the  other  (b)  between  220 
and  1480  meters.  (2)  Thorium  emanation 
from  the  soil  and  its  products  accumulate 
in  layer  (a)  and  are  more  or  less  uniformly 
dispersed  vertically.  (3)  The  total  number 
of  condensation-nuclei  in  a  vertical  column 
remains  the  same  as  during  ogh  to  ijh, 
but  the  number  in  layer  (a)  is  increased 
because  nuclei  settle  from  layer  (b) ;  the 
average  number   in   layer    (b)    is   around 


DEPARTMENT  OF  TERRESTRIAL  MAGNETISM  oX 

600  per  cc  and  in  layer  (a)  around  6000  May  to  August,  has  a  diurnal  variation 

per  cc.    (4)  The  value  of  |3  in  layer  (b)  of   an   entirely   different   character.    Gish 

remains  at  3  X  io~6,  but  in  layer   (a)   it  and    Sherman    (Terr.   Mag.,   vol.  45,   pp. 

increases  to  around  4  X  io-6.  173-190,    1940)    showed    this    element    to 

The  value  of  q  in  layer  (b)  accordingly  be  greatly  influenced  by  the  electrode- 
continues  to  decrease  owing  to  the  con-  effect.  The  value,  therefore,  is  somewhat 
tinued  decaying  of  the  radioactive  mat-  dependent  upon  the  value  of  the  electric 
ter;  the  conductivity  of  layer  (b),  how-  field  of  the  Earth  as  well  as  upon  the 
ever,  does  not  decrease  greatly,  owing  to  velocity  of  the  wind.  Graphs  of  the  data 
the  diminished  number  of  condensation-  actually  show  that  the  diurnal  variations 
nuclei.  The  value  of  q  in  layer  (a)  be-  of  wind-velocity  and  of  negative  conduc- 
comes  very  large  owing  to  an  accumula-  tivity  are  similar.  One  should  expect, 
tion  of  radioactive  matter  there;  the  therefore,  to  find  little  evidence  of  accumu- 
conductivity  of  layer  (a),  however,  in-  lated  radioactive  matter  in  the  diurnal 
creases  only  moderately  because  of  the  variation  of  negative  conductivity.  An  ex- 
increased  condensation-nuclei  content.  tended   analysis   shows,   however,   just   as 

Thus  we  may  account  quantitatively  for  for   Watheroo   and   for   Washington,   the 

the  observed  hourly  values,  during  days  effect  of  an   accumulation  of  radioactive 

of  the  second  type,  of  both  X  and  Rw  and  matter  near  the  ground  during  the  period 

therefore  of  the  air-earth  current  and  the  of  the  day  when  the  wind  is  low,  and  a 

potential-gradient  during  winter  for  those  reduction  in  amount  of  radioactive  matter 

days  when  the  wind  remains  high  through-  when  the  wind  increases  in  velocity. 

out  the  24  hours.  Accumulation   of  radioactive  matter  in 

To  account  for  the  first  or  normal-day  the  lower  air  at  Huancayo.  A  procedure 
type  with  low  wind  at  night,  we  must  similar  to  that  just  described  for  the  Col- 
further  assume  that,  during  the  calm  lege  data  was  followed  for  Huancayo. 
period  of  the  day,  the  radioactive  matter  There  was  no  group  of  days  with  very 
is  not  uniformly  distributed  throughout  high  wind  during  the  night  and  early- 
layer  (a),  but  is  more  concentrated  near  morning  hours;  days  were  grouped,  there- 
the  ground  and  falls  off  in  concentration  fore,  according  to  whether  the  wind  rose, 
with  height.  or  not,  to  an  evening  maximum.    There 

Accumulation  of  radioactive  matter  in  is  usually  a  sharp  maximum  in  wind- 
the  lower  air  at  College,  Alaska.  In  view  velocity  around  1711  to  i8b  and  a  low,  flat 
of  the  particular  type  of  diurnal  variation  minimum  around  ioh  to  nh.  A  second 
found  for  the  positive  conductivity  at  group  of  days  was  selected  when  no  eve- 
College,  Alaska  (see  K.  L.  Sherman,  Terr,  ning  maximum  was  present;  in  this  group 
Mag.,  vol.  42,  pp.  371-390,  1937),  we  might  the  wind  continued  low  throughout  prac- 
expect  to  find  that  an  important  factor  in  tically  the  entire  24  hours,  but  was  some- 
its  production  is  a  variation  in  the  amount  what  higher  during  the  early  morning, 
of  radioactive  matter  in  the  air.  Analysis  Analysis  indicates  that,  contrary  to  what 
of  the  data  indicates  that  radioactive  mat-  was  found  for  Watheroo  and  College, 
ter  in  the  air  is  more  plentiful  at  College  calm  conditions  at  Huancayo  do  not  favor 
during  the  calm  than  during  the  windy  the  production  of  higher  conductivities, 
part  of  the  day,  as  at  Watheroo  and  but  rather  the  reverse.  These  results  con- 
Washington.  The  negative  conductivity,  firm  Gish's  contention  that  nuclei  are 
on    the   other    hand,   particularly    during  brought  down  from  higher  layers  to  the 
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lower  layers.  Incidentally,  almost  no  dif- 
ferences between  the  positive  and  the 
negative  conductivity  were  found  for 
either  group  of  days. 

Measurements  of  ion-mobility  by  ion- 
counter.  Tests  (Wait)  in  measuring  the 
mobility  of  ions  with  an  ion-counter  em- 
phasized the  importance  of  maintaining 
the  central  electrode  near  ground-potential. 
For  heavily  ionized  air  the  usual  measur- 
ing equipment  must  be  modified  by  the 
use  of  a  resistance  of  sufficiently  low  value, 
connected  in  parallel  with  the  electrometer. 

Recombination-coefficient  of  ions  and 
variation    with    mobility.     The    rates    at 


The  value  of  slope  S  is  0.74,  of  log  C  is 

0.257,  °f  A  1S  iq9>  and  °f  B  is  iq4-  The 
value  of  a  for  the  large  ion  (1.4  X  io~9) 
determined  many  years  ago  at  Dublin  Uni- 
versity (Proc.  R.  Irish  Acad.,  A,  vol.  33, 
pp.  58-74,  1916),  and  heretofore  generally 
accepted,  appears  to  be  too  small. 

Geoelectricity 

The  reduction  of  earth-current  records, 
interrupted  because  of  diversion  of  per- 
sonnel to  war  work,  was  resumed  in  De- 
cember (Rooney).  Final  reduction  of  the 
Tucson  earth-current  records  from  July 
1940  to  February  1943,  and  the  compilation 


TABLE  1 
Recombination-coefficients  and  mobilities  for  various  classes  of  ions 


Recombination-coefficient,  a 

Mobility,  k 

(cm/sec/V/cm) 

Class  of  ion 

2.0  X  10-6 
0.7  X  10~6 
7.6  X  10~8 

1.1  x  10-8 

3.1  X  10-9 

15.0  X  10-1 
5.0  X  10"1 
2.5  X  10"2 
1.9  X  10"3 
3.2  X  10-4 

Small,  molecular  ion  of  the  atmosphere 
Intermediate  ion  of  the  atmosphere 

Large  or  Langevin  ion  of  the  atmosphere 

which  ions  recombine  and  at  which  they 
travel  in  response  to  an  electric  field 
diminish  as  the  size  of  the  ion  increases. 
Whereas  determinations  for  small  molecu- 
lar ions  of  the  recombination-coefficient 
(a)  and  of  mobility  (^)  are  numerous, 
those  for  larger  ions  are  few,  and  no 
investigation  appears  to  have  determined 
both  a  and  \  for  the  same  ion.  During 
the  past  year  simultaneous  measurements 
(Wait)  were  made  for  a  and  \,  for  the 
small  ion  having  a  mobility  around  1.5 
cm/sec/V/cm,  for  the  large  ion  having 
a  mobility  around  3  X  io~4  cm/sec/V/cm, 
and  for  several  groups  of  ions  having 
intermediate  mobilities   (see  table  1). 

The  data  of  table  1  may  be  represented 
by   a   straight-line   equation   of  the   form 

loge  Aa  =  log  C  +  S  loge  B\. 


of  monthly  and  yearly  averages  for  the 
full  11.5-year  period  of  registration  at  that 
place,  have  been  completed.  The  earth- 
current  data  from  Watheroo  and  Huan- 
cayo  have  also  been  brought  up  to  date 
by  reduction  of  the  records  from  July  1940 
to  January  1944.  The  most  pronounced 
feature  of  the  records  obtained  during 
this  interval  at  all  three  observatories  is 
the  low  activity  in  earth-current  flow 
characteristic   of  periods   near  a   sunspot- 


minimum. 


Further  study  is  being  made  by  Rooney 
of  the  seasonal  changes  in  the  diurnal 
variation  of  earth-current  potential-gra- 
dient recorded  at  Tucson.  The  seasonal 
variation  at  this  station  exhibits  several 
unusual  features,  most  striking  of  which 
is  a  large  increase  in  the  magnitudes  of 
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both  components  in  January.  Records 
from  the  individual  years  have  shown  that 
the  magnitude  of  the  diurnal  variation  in 
January  is  invariably  much  greater  than 
that  in  December  or  in  February  and  is 
even  equal  to,  or  greater  than,  that  in  the 
summer  or  equinoctial  months.  At  the 
same  time  the  character  of  the  diurnal 
variation  and  its  phase-relationship  is  the 
same  as  that  for  the  other  winter  months. 
With  the  data  from  all  12  winter  seasons 
at  Tucson,  it  is  possible  to  follow  this  in- 
crease in  activity  over  5-  or  10-day  intervals. 


The  increase  is  found  to  begin  near  the 
winter  solstice,  to  reach  its  maximum  be- 
tween January  5  and  10,  and  to  disappear 
early  in  February.  The  cause  of  this  un- 
usual feature  is  not  yet  clear,  but  since  a 
similar  phenomenon  has  been  noted  in  the 
magnetic  variations  at  Tucson,  it  is  un- 
likely that  it  is  due  to  changes  in  resistivity 
or  to  other  factors  which  might  affect  cur- 
rent-flow alone.  In  this  connection  it  is 
hoped  that  direct  comparison  of  the  earth- 
current  and  magnetic  data  will  be  en- 
lightening. 


THE  IONOSPHERE  AND  ITS  RELATIONS  TO  GEOMAGNETISM 


Observations 

During  the  past  year,  the  major  effort 
of  the  Ionospheric  Section  has  been  de- 
voted to  the  practically  simultaneous  estab- 
lishment of  four  new  ionospheric  stations 
outside  the  continental  United  States.  The 
technical  crews  for  each  new  station  were 
trained  as  working  groups.  Each  party 
was  made  responsible  for  the  entire  com- 
plement of  equipment  and  supplies.  Ap- 
paratus was  constructed  or  modified  as 
required;  field-tests  were  conducted  to  re- 
produce actual  operating  conditions;  and 
each  group  actively  supervised  the  packing 
of  its  entire  shipment  for  export. 

Operation  of  the  CIW  automatic  multi- 
frequency-recorders  was  continued  at 
Huancayo,  Watheroo,  and  College.  Per- 
formance was  essentially  continuous  except 
for  short  intervals  required  for  mainte- 
nance. Tabulations  and  analyses  were 
maintained  current  in  all  phases  of  the 
program,  and  results  were  promptly  ex- 
changed with  authorized  agencies.  Iono- 
spheric measurements  from  Huancayo  and 
Watheroo  are  now  continuous  for  more 
than  half  a  sunspot-cycle  without  any  sig- 
nificant instrumental  changes.  These  ex- 
tended series  of  measurements  have  been 
6 


particularly  helpful  in  analyses  of  long- 
term  trends  and  in  preparation  of  fore- 
casts of  radio  propagation-conditions. 

As  a  result  of  recommendations  adopted 
at  the  International  Radio  Propagation 
Conference  (April  17  to  May  5,  1944), 
revised  instructions  have  been  issued  to  all 
stations,  to  make  possible  uniform  inter- 
pretation and  reporting  of  ionospheric 
characteristics. 

Research  and  Development 

The  coordinated  program  of  recording 
and  analyzing  solar-terrestrial  relations 
was  continued  and  extended,  with  prom- 
ising results,  which  were  applied  to  the 
prediction  of  magnetic  and  radio  dis- 
turbances up  to  a  week  or  more  in  ad- 
vance. New  techniques  and  improved  in- 
strumentation are  giving  encouraging 
performance. 

In  addition  to  the  testing  of  equipment 
and  training  of  personnel,  activities  at  the 
Kensington  Ionospheric  Laboratory  were 
directed  toward  the  construction  of  field- 
intensity  recorders  for  Huancayo,  and  the 
performance  of  special  propagation-meas- 
urements on  medium-frequency  signals 
at    oblique    incidence.     The    "burst"-phe- 
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nomena  first  reported  in  the  ultra-high- 
frequency  (UHF)  bands  (45  Mc)  by 
the  Federal  Communications  Commission 
were  successfully  demonstrated  on  re- 
peated occasions,  and  continuous  record- 
ings of  this  effect  were  attempted.  Some 
consideration  was  given  to  the  connection 
between  the  UHF  bursts  and  ionization 
produced  by  meteor-trains. 

Considerable  progress  has  also  been 
made  in  the  improvement  of  manually 
operated  ionospheric  recorders.  Output 
has  been  multiplied,  losses  have  been  re- 
duced, units  have  been  simplified,  and 
antenna  requirements  have  been  mini- 
mized. Promising  studies  have  also  been 
pursued  to  determine  relations  between 
sporadic  E,  aurora,  radio  blackouts,  and 
conditions  of  radio  propagation,  especially 
in  the  polar  regions. 

Post-War  Plans 

Following  are  some  of  the  general  sub- 
jects on  which  important  contributions 
may  be  expected  in  the  post-war  period: 
(1)  measurement  of  intensity  of  Earth's 
magnetic  field  in  the  ionosphere  near  the 
magnetic  equator;  (2)  mapping  of  world- 
wide characteristics  of  ionospheric  regions 


with  explanation  of  anomalous  features; 
(3)  critical  examination  of  sporadic  E- 
region  ionization  to  determine  nature,  ex- 
tent, and  relation  to  solar  corpuscular 
radiation  or  other  causes;  (4)  improved 
understanding  of  solar  and  terrestrial 
relations  determined  from  coordinated 
program  of  solar,  ionospheric,  and  mag- 
netic observations  and  analyses;  (5)  ab- 
sorption-measurements to  determine  effect 
of  ultraviolet  and  corpuscular  absorption 
on  the  ionosphere  and  radio  communica- 
tions both  near  the  auroral  zone  and  at 
low  latitudes,  and  to  compare  such  effects 
with  magnetic  current-systems;  (6)  in- 
vestigation of  the  "burst"-phenomena  on 
the  ultra-high  frequencies  in  frequency- 
modulated  and  television  bands  to  deter- 
mine relation  with  meteors  or  sporadic  E. 

General 

An  active  part  was  taken  in  the  Inter- 
national Radio  Propagation  Conference 
held  at  the  National  Bureau  of  Standards 
April  17  to  May  5,  1944.  Work  was  started 
on  the  new  ionospheric  laboratory  at 
Huancayo,  which  is  to  house  the  multi- 
frequency  equipment  and  the  field-inten- 
sity recorders. 


MAGNETISM  AND  ATOMIC  PHYSICS 


Tuve,  Hafstad,  Roberts,  Green,  Heyden- 
burg,  and  Abelson  (resigned  December  31, 
1943)  of  the  nuclear-physics  group  were 
assigned  or  engaged  full  time  during  the 
report-year  on  war-research  activities  or  in 
the  services.  Cowie  (assigned  from  the 
National  Cancer  Institute  until  January 
31,  1944,  when  he  was  appointed  physicist 
and  biophysicist)  had  charge  of  the  cyclo- 
tron with  the  assistance  of  Ksanda,  P. 
Johnson,  Buynitzky,  and  F.  R.  Nichols 
(in  U.  S.  Navy  from  October  24,  1943). 
We  were  fortunate  in  having  associated 
with  the  staff  Dr.  P.  C.  Ho  (from  January 


1  to  May  21,  1944)  and  Dr.  J.  S.  Men- 
dousse,  captain  in  the  French  Army,  whose 
services  have  been  made  available  through 
the  courtesy  of  the  French  Military  Mis- 
sion in  Washington  (from  January  1, 
1944).  Despite  the  serious  depletion  of 
personnel  and  thanks  to  the  splendid  work 
of  Cowie  and  his  colleagues,  the  cyclotron 
has  been  in  operation  since  January  1944. 
Lack  of  personnel,  as  in  the  previous  year, 
made  necessary  the  discontinuance  of  fur- 
ther improvements  in,  and  operation  of, 
the  large  static  generator  in  the  Atomic- 
Physics  Observatory  and  the  small  one  in 
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the  Experiment  Building,  as  well  as  the 
fundamental  researches  in  nuclear  physics. 

Cyclotron 

The  6o-inch  cyclotron  was  completed 
and  placed  in  operation.  With  the  stimu- 
lation provided  by  the  United  States  Naval 
Medical  Center  at  Bethesda  by  the  loan 
of  several  large  no.  893  vacuum-tubes,  the 
radio-frequency  system  was  available  for 
its  full  ultimate  load,  and  a  period  of  out- 
gassing  of  the  entire  system  was  carried 
out  in  order  to  build  up  radio-frequency 
voltage  on  the  dees.  Early  in  December 
the  vacuum-system,  magnet,  control-sys- 
tem, and  all  power-supplies  with  the  ex- 
ception of  the  ion-source  were  complete 
and  ready  for  operation.  An  ion-source 
with  a  vacuum-lock  was  installed,  and  on 
December  31,  1943,  all  components  of  the 
cyclotron  were  put  into  operation  together 
for  the  first  time.  A  quartz  probe  was 
slid  between  the  dees  almost  up  to  the  ion- 
source,  and  with  the  equipment  all  in 
operation,  with  the  exception  of  the  de- 
flector, the  magnetic  field  was  varied  so 
that  the  calculated  resonant  condition 
would  be  reached.  A  bright  fluorescence 
was  observed  on  the  quartz  rod  the  first 
time  the  magnetic  field  was  raised  high 
enough  to  obtain  resonance,  and  with  the 
extraction  slowly  of  this  rod  toward  the 
periphery  of  the  dees  it  was  evident  that 
we  had  located  our  first  deuteron-beam. 
Adjustment  of  dees  and  magnetic  shim- 
ming increased  the  intensity  of  the  beam 
so  that  quartz  rods  were  no  longer  suitable 
for  beam-adjustments,  since  they  were 
sheared  ofT  by  the  beam  itself  even  near 
the  peripheries  of  the  dee.  The  beam- 
current  was  steadily  increased  until  300  to 
400  microamperes  of  deuterons  on  internal 


probe-targets  were  measured  at  resonant 
conditions  calculated  to  be  15.8  million 
electron-volts  of  deuterons. 

Various  target-holders  and  vacuum-locks 
to  permit  the  introduction  and  withdrawal 
of  targets  without  loss  of  the  vacuum  were 
made.  Bombardment  of  many  substances 
was  carried  out  and  extremely  high  yields 
of  radioactivity  were  obtained. 

Some  parasitic  trouble  in  the  radio-fre- 
quency power-amplifier  delayed  the  date 
of  final  exceedingly  stable  operation,  but 
at  present  the  cyclotron  is  operated  daily 
by  one  individual  with  only  slight  adjust- 
ments every  hour  or  so. 

With  the  completion  of  the  cyclotron 
for  operation,  its  use  for  war-research  be- 
came possible.  Contracts  for  its  use  are 
already  under  way  for  the  Navy,  Public 
Health  Service,  and  other  government 
and  educational  organizations.  The  par- 
ticular skills  and  qualifications  of  Cowie, 
Mendousse,  Ksanda,  Johnson,  and  Buy- 
nitzky  'permit  the  full  utilization  of  the 
instrument. 

A  fully  equipped  laboratory  for  chem- 
ical manipulations  is  centered  in  two  sepa- 
rate regions  depending  upon  the  nature 
of  the  radioactive  procedure.  Measure- 
ments and  standardization  of  radioactive 
samples  are  done  in  the  underground 
measuring-room  except  for  certain  samples 
whose  nature  restricts  them  to  a  second 
measuring-laboratory. 

Miscellaneous 

As  in  1943,  the  Annual  Conference  on 
Theoretical  Physics  had  to  be  deferred 
because  of  limitations  of  time  and  travel. 
It  has  been  possible,  however,  to  hold 
many  conferences  with  interested  co- 
workers. 
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FIELD-WORK  AND  REDUCTIONS 
LAND  MAGNETIC  SURVEY 


Results  of  recent  surveys  were  revised 
and  prepared  for  inclusion  in  volume  VIII 
of  the  Researches  of  the  Department  oi: 
Terrestrial  Magnetism,  giving  results  of 
observations  on  land  during  1927  to  1943. 
As  heretofore,  these  results  have  been 
made  available  for  use  to  various  agencies 
of  the  government  engaged  in  active  prose- 
cution of  the  war  and  to  collaborating 
organizations.  Correlations  of  comparisons 
of  the  many  instruments  used  at  observa- 
tories and  in  the  field  were  discussed,  and 
resulting  final  corrections  on  international 
magnetic  standards  were  adopted. 

Extensive  reductions  of  secular  changes 
in  magnetic  elements  for  various  points  of 
the  Earth  were  made  for  four  epochs  at 
ten-year  intervals  beginning  with  1912.5. 
In  this  work  careful  attention  was  paid 
to  correction  of  the  results  of  field-stations 
and  observatories  for  geomagnetic  varia- 
tions not  associated  with  the  Earth's  main 
field,  using  the  tables  of  corrections  de- 
scribed in  last  year's  report. 

New  methods  for-  adjustment  of  geo- 
magnetic charts  to  mutual  consistency  in 
the  various  elements  have  been  evolved 
and  found  satisfactory  by  test. 

There  was  active  cooperation  in  mag- 
netic surveys,  through  the  loan  of  field- 
instruments  and  equipment  to  six  observa- 
tories in  South  America,  South  Australia, 
Northern  Australia,  New  Zealand,  British 
East  Africa,  and  the  United  States,  as  well 
as  to  the  Army  Air  Force.  International 
magnetic  standards  and  corrections  thereto 
were  maintained  as  heretofore  in  cooper- 
ation with  the  United  States  Coast  and 
Geodetic  Survey  at  the  Cheltenham  Mag- 
netic Observatory. 


Field-Operations  and  Cooperative 
Surveys 

Africa.  Dr.  A.  Walter,  Director  of  the 
British  East  African  Meteorological  Service, 
using  CIW  magnetometer  and  inductor  13, 
continued  occupation  of  stations  in  Tangan- 
yika Territory,  Nairobi;  he  also  obtained 
monthly  observations  at  Kabete  providing 
estimates  of  secular  change. 

At  Hermanus  Observatory,  where  geomag- 
netic secular  change  is  great,  Dr.  A.  Ogg, 
of  the  Magnetic  Branch  of  the  Trigonometri- 
cal Survey  of  the  Union  of  South  Africa,  ob- 
tained frequent  measurements  using  CIW 
magnetometer-inductor  17.  Annual  values  to 
1943  and  results  for  land  stations  were  re- 
ceived through  G.  Heinrichs,  of  Elisabeth- 
ville  Magnetic  Observatory,  Belgian  Congo. 
Mr.  Heinrichs  also  made  intercomparisons 
of  his  absolute  instruments  with  those  at 
Hermanus  Observatory. 

Australia.  Cooperative  work  was  main- 
tained with  the  Aerial,  Geological,  and  Geo- 
physical Survey  of  Northern  Australia  of  the 
Commonwealth's  Department  of  Supply  and 
Development  at  Canberra.  Chief  Geologist 
J.  M.  Rayner  and  Mr.  R.  S.  Richardson  con- 
tinued surveys  using  CIW  magnetometer- 
inductor  18.  Maps  were  constructed  and 
results  compiled,  respecting  magnetic  ele- 
ments and  their  secular  changes,  "based  al- 
most entirely  on  observations  made  by  the 
Department  of  Terrestrial  Magnetism."  In 
this  work  assistance  was  rendered  by  Ob- 
server-in-charge  W.  C.  Parkinson  of  the  De- 
partment's Watheroo  Magnetic  Observatory. 

Latest  corrections  in  standards  for  CIW 
magnetometer  6  and  dip-circle  226,  used  in 
the  survey  operations  of  the  Adelaide  Observ- 
atory of  South  Australia,  were  compiled  and 
forwarded  to  facilitate  final  compilations  of 
observations  by  Astronomer  G.  F.  Dodwell. 

New  Zealand.  Director  H.  F.  Baird  of  the 
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New  Zealand  Magnetic  Survey,  New  Zea- 
land Department  of  Scientific  and  Industrial 
Research,  furnished  results  of  over  ioo  field- 
stations  obtained  using  CIW  magnetometer- 
inductor  27. 

Dr.  E.  Marsden,  Secretary  of  the  New  Zea- 
land Department  of  Scientific  and  Industrial 
Research,  used  a  newly  developed  CIW 
instrument  to  obtain  magnetic  measurements 
in  the  Pacific  Ocean  and  New  Zealand. 

North,  Central,  and  South  America.  CIW 
magnetometer-inductors  26  and  28  remained 
on  loan  to  the  United  States  Coast  and  Geo- 
detic Survey  for  resurveys  in  the  Western 
Hemisphere,  financed  by  the  United  States 
Department  of  State.  Stations  were  occupied 
as  follows:   Brazil,  17;  Panama,  2;  Costa  Rica, 


2;  Nicaragua,  5;  Honduras,  4;  Guatemala,  6; 
Chile,  5;  Peru,  6.  At  the  conclusion  of  the 
second  survey,  now  under  way  in  South 
America,  CIW  magnetometer-inductor  28  will 
be  placed  at  the  disposal  of  the  Division  of 
Geodesy,  Military  Geographic  Institute,  Uru- 
guay; Major  S.  Graceras,  the  Chief  of  that 
Division,  was  instructed  at  the  Department 
of  Terrestrial  Magnetism  in  instrumental  and 
land-survey  techniques;  he  expects  to  com- 
plete the  first-class  magnetic  survey  at  some 
60  stations  in  Uruguay. 

Arctic.  The  Department  cooperated, 
through  the  loan  of  magnetometer-inductor 
16  and  auxiliary  equipment,  and  through 
the  training  of  an  observer,  in  a  completed 
survey   within   arctic   regions. 


OBSERVATORY-WORK 


The  Section  of  Observatory-Work  con- 
tinued under  the  charge  of  Johnston  with 
the  assistance  of  Scott  and  Miss  Balsam. 
Wait  continued  the  consideration  of  at- 
mospheric-electric data  from  our  observa- 
tories, and  McNish  and  Torreson  were 
engaged  on  war  work.  The  men  in  resi- 
dence at  the  observatories  are  noted  in 
reports  for  the  individual  stations. 

Despite  increased  time  devoted  to  the 
war  efTort,  the  magnetic  reductions  and 
compilations  for  the  observatories  at  Wath- 
eroo,  Huancayo,  and  College  were  main- 
tained current.  The  computed  values  for 
the  year  1943  were  immediately  utilized  in 
the  reduction  of  observed  magnetic  ele- 
ments at  field-stations  to  mean  of  day, 
mean  of  month,  and  mean  of  year. 

The  magnetic,  earth-current,  and  iono- 
spheric programs  at  the  three  observatories 
were  continued.  Analysis  of  the  observa- 
tions was  currently  maintained,  and  weekly 
summaries  of  magnetic  and  ionospheric 
data,  predicted  values  of  maximum  usable 
frequencies  for  various  distances,  and  cur- 
rent forecasts  of  conditions  having  prob- 


able effects  on  radio  communications  were 
supplied. 

Continuous  records  of  the  three  mag- 
netic elements  and  of  heights  of  the  iono- 
sphere by  means  of  both  multifrequency 
and  fixed-frequency  transmissions  were 
obtained  at  Watheroo,  Huancayo,  and 
College.  Atmospheric  potential-gradient, 
positive  and  negative  conductivity  of  the 
atmosphere,  earth-currents,  solar  observa- 
tions by  means  of  a  Hale  spectrohelioscope, 
and  meteorological  elements  were  recorded 
at  Watheroo  and  Huancayo.  A  cosmic- 
ray  meter  and  a  three-component  seismo- 
graph were  operated  at  Huancayo.  An 
elaborate  program  of  auroral  work  was 
continued  at  College. 

The  reductions  of  the  magnetic  observa- 
tions at  Watheroo  and  Huancayo  were 
completed  for  the  year  1943.  The  ob- 
servations for  moment  of  inertia  of  the 
long  magnet  and  stirrup  of  CIW  mag- 
netometer 7,  which  is  used  at  Watheroo 
to  determine  horizontal  intensity,  were 
examined  for  the  period  of  operation  since 
1919.     Frequent    comparisons    have    also 
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been  obtained  since  then  with  others  of 
our  magnetometers  during  field-expedi- 
tions. As  a  result  of  the  analysis,  revised 
corrections  on  International  Magnetic 
Standard  were  adopted.  The  revised  an- 
nual values  for  the  period  1919-1941  were 
published  in  the  June  1944  issue  of  the 
Journal  of  Terrestrial  Magnetism  and 
Atmospheric  Electricity,  and  supersede 
those  heretofore  published  in  these  annual 
reports.  The  mean  annual  values  of  the 
magnetic  elements  for  all  days  of  1942  and 
j 943  are  shown  in  table  2. 


337-388,  from  ten  observatories  were  com- 
piled during  the  report-year. 

The  compilation  of  the  annual  values 
for  the  world's  magnetic  observatories  of 
the  elements  D,  H,  Z,  I,  X,  Y,  and  F  for 
all  days  .was  continued  by  Fleming  and 
Scott.  The  Thesaurus  of  Annual  Values 
completed  during  the  year  included  all 
observatories  from  Valencia  (51  °.g  N)  to 
Little  America  (j%°6  S).  A  few  values 
for  the  year  1943  were  supplied  and  pub- 
lished. The  values  were  promptly  used  in 
the   project   for   reducing  magnetic  field- 


TABLE  2 

Annual  values  of  the  magnetic  elements  at  the  Watheroo  and  Huancayo  magnetic 
observatories  as  based  on  magnetograms  for  all  days,  i942  and  i943 


Year 


Decli- 
nation, 
D 


Incli- 
nation, 


Intensity-components 


Hori- 
zontal, 
H 

(7) 


Total, 
F 

(7) 


North- 
south, 

X 

(7) 


East- 
west, 
Y 
(7) 


Vertical, 
Z 


Local 
mag- 
netic 

CON- 
STANT, 

G 


Watheroo  Magnetic  Observatory 


1942 

1943 

3°  08^2  W 
3  04.4  W 

64°  24.'8  S 
64  25.4  S 

24705 
24718 

57203 

57254 

24668 
24682 

-1352 
-1325 

-51593 
-51643 

35718 
35745 

Huancayo  Magnetic  Observatory 


1942 

1943 

6  45.3  E 
6  40.0  E 

2  12.5  N 
2  11.5  N 

29438 
29400 

29460 
29422 

29234 
29201 

3463 
3413 

1135 
1125 

29443 
29405 

The  extensive  program  of  collecting  data 
on  geomagnetic  activity  from  world  mag- 
netic observatories  was  continued.  Co- 
operating observatories  supply  indices  of 
activity  for  each  day,  covering  the  eight 
successive  three-hour  periods  during  the 
Greenwich  day.  The  indices  range  from  o, 
very  quiet,  to  9,  extremely  disturbed.  Ac- 
tivity reports  have  been  received  from  27, 
28,  24,  and  25  magnetic  observatories  for 
the  years  1940  to  1943,  respectively. 

Weekly  reports  from  ten  observatories 
have  continued  to  be  issued.  Reports  of 
Geomagnetic  Activity,  DTM  CIW  Nos. 


observations  to  mean  of  sunspot-cycle  and 
to  epoch,  mentioned  elsewhere  in  this 
report. 

Cooperation  in  magnetic  and  atmos- 
pheric-electric work  was  continued  with 
various  magnetic  observatories.  The 
United  States  Coast  and  Geodetic  Survey 
maintained  our  International  Magnetic 
Standards  at  Cheltenham  Observatory  and 
continued  the  program  of  atmospheric- 
electric  observations  at  Tucson  Observa- 
tory. The  Danish  Government  continued 
the  operation  of  the  Godhavn  and  Ivigtut 
magnetic  observatories  in  Greenland. 
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Operations  at  Observatories 

Watheroo  Magnetic  Observatory,  Wath- 
eroo,  Western  Australia.  The  Watheroo  Mag- 
netic Observatory  is  situated  in  latitude  30  ° 
19/1  south  and  longitude  1150  52^6  east  of 
Greenwich,  244  meters  (800  feet)  above 
sea-level. 

The  Eschenhagen  magnetograph  was  in 
continuous  operation.  Weekly  determinations 
of  the  values  of  the  base-lines  for  the  three 
elements  were  made.  The  scale-value  of  the 
horizontal-intensity  variometer  was  controlled 
by  monthly  determinations,  using  the  method 
of  magnetic  deflections.  Daily  determinations 
of  the  scale-value  of  the  vertical-intensity  vari- 
ometer were  made  by  passing  a  current  of 
known  strength  through  a  coil  surrounding 
the  variometer. 

Redeterminations  of  the  azimuths  of  fixed 
marks  from  the  observing  piers  in  the  absolute 
observatory  were  made. 

The  la  Cour  rapid-running  magnetograph 
was  in  operation  throughout  the  year; 
monthly  determinations  of  the  scale-values  of 
the  horizontal-  and  vertical-intensity  variome- 
ters were  made,  using  the  electrical  method. 
The  monthly  scale-values  for  1943  for  both 
the  Eschenhagen  and  la  Cour  magnetographs 
are  shown  in  table  3. 

The  preliminary  values  for  the  annual 
changes  in  the  magnetic  elements  for  all  days 
of  1943,  as  deduced  from  the  Eschenhagen 
magnetograms,  referring  the  elements  to  the 
north-seeking  end  of  the  needle  and  reckon- 
ing east  declination  and  north  inclination  as 
positive,  are:  declination  +  3'8;  horizontal 
intensity  +13  gammas;  vertical  intensity 
+  50  gammas;  and  inclination  —  o'6  (see 
table  2). 

Three-hourly  i^-indices,  indicative  of  geo- 
magnetic activity,  were  assigned  from  the 
Eschenhagen  traces  and  transmitted  weekly 
to  Washington,  through  the  Australian  Com- 
monwealth Department  of  Air.  As  would 
be  expected  from  its  position  in  the  sunspot- 
cycle,  1943  was  a  magnetically  quiet  year; 
indeed,  only  two  periods  of  disturbance 
could  be  designated  as  "magnetic  storms." 
Full  descriptions  of  these  disturbances  were 


transmitted  to  Washington,  and  table  4  gives 
their  essential  details.  Magnetic  data  were 
supplied,  on  request,  to  the  Australian  and 
United  States  military  units  interested  and 
also  to  the  Australian  Navy. 

TABLE  3 

Scale-values  of    magnetographs,   Watheroo 
Magnetic   Observatory,    1943 


Scale-values  in  7 /mm 

Month 

Eschenhagen 

la  Cour 

H 

(reduced 
to  base- 
line) 

z 

(means 
of  daily 
values) 

H 

z 

January . . . 
February .  . 
March 

April 

May 

June 

July 

August.  .  .  . 
September  . 
October. . . . 
November  . 
December. . 

2.43 
2.42 
2.41 
2.41 
2.42 
2.42 
2.43 
2.41 
2.41 
2.42 
2.42 
2.42 

3.27 
3.29 
3.30 
3.33 
3.18 
3.18 
3.22 
3.14 
3.04 
3.04 
3.11 
3.17 

4.56 
4.52 
4.66 
4.41 
4.57 
4.56 
5.08 
4.70 
4.73 
4.87 
4.68 
4.67 

3.23 
3.31 
3.06 
3.39 
3.94 
4.10 
4.46 
3.76 

3.54 
3.42 
3.39 

TABLE  4 

Details  of  magnetic  disturbances  recorded  at 

the  Watheroo  Magnetic  Observatory 

during  1943 


Ranges 

Date 

H 

(7) 

D 

z 

(7) 

August  7-9 

August  28-September  1 

124 
140 

20 

25 

124 

173 

Continuous  registration  of  earth-potentials, 
over  a  system  of  electrodes  described  in  pre- 
vious reports,  was  continued.  Loss  of  trace 
through  instrumental  causes  was  quite  small; 
the  Weston  Standard  cell  was  replaced  in 
August  1943.  Electrode  contact-resistance 
tests  were  made  during  September  1943. 
Scalings  and  reductions  were  brought  up  to 
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date  and  graphs  of  diurnal  variation  over 
the  four  lines  show  consistent  results.  The 
conducting  lines  have  been  patrolled  regu- 
larly and  defects  repaired  immediately  after 
discovery. 

Air-potentials  were  continuously  recorded 
throughout  the  year,  hourly  values  scaled, 
and  monthly  mean  hourly  values  deduced. 
The  ionium-collector  used  in  the  recording 
apparatus  was  compared  with  the  Observa- 
tory standard  in  January  1944.    Standardiza- 


tions made  as  in  previous  years.  Occasional 
failure  of  the  hourly  zero-relay  led,  in  Sep- 
tember 1943,  to  the  installation  of  a  Dunco 
locking  relay,  since  which  time  no  failure  has 
occurred.  Adjustments  to  the  optical  system 
resulted  in  improved  traces.  The  presence 
of  smoke  in  the  air,  already  mentioned  as 
affecting  the  potential-gradient  records,  also 
affected  the  conductivity  traces,  greatly  re- 
ducing the  number  of  days  usable  in  the 
monthly  tabulations.    Minor  repairs  and  ad- 


TABLE  5 

Preliminary  monthly  mean  values  of  atmospheric-electric  elements, 
Watheroo  Magnetic  Observatory,   1943 


Month 


Potential-gradient 


No. 

selected 

days 


Reduction- 
factor 


Value* 

(v/m) 


Air-conductivity,  unit  10~4  ESU 


No. 

selected 

days 


X  + 


X_ 


(X++X_) 


(X+A-) 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Totals  and  means 


14 
12 
10 
18 
20 
14 
22 
17 
19 
20 
19 
23 


1.06 


104.9 

103.0 
95.4 
81.2 
74.4 
75.5 
79.5 

102.1 
92.2 

100.9 
93.2 

102.5 


9 
11 

9 
17 

23 
23 
23 
22 
17 
24 
23 
20 


1.40 
1.74 
1.82 
2.12 
2.17 
2.38 
2.02 
1.63 
1.62 
1.50 
1.55 
1.43 


1.23 
1.62 
1.58 
1.84 
1.94 
2.01 
1.76 
1.69 
1.52 
1.24 
1.44 
1.25 


208 


1.06 


92.1 


221 


1.81 


1.59 


2.63 
3.36 
3.40 
3.96 
4.11 
4.39 
3.78 
3.62 
3.14 
2.74 
2.99 
2.68 


3.40 


1.14 
1.08 
1.15 
1.15 
1.12 
1.18 
1.15 
1.14 
1.07 
1.21 
1.08 
1.14 


1.13 


*Using  reduction-factor  1.10. 


tion-observations,  using  the  stretched-wire 
method  and  leak-free  technique,  were  made 
in  May  1943  and  January  1944,  to  convert 
the  values  as  recorded  in  volts  to  volts  per 
meter.  Table  5  gives  the  monthly  mean  air- 
potentials  for  1943,  using  a  reduction-factor  of 
1. 10.  Weekly  calibrations  of  the  recording 
electrometer  were  made  as  in  previous  years. 
Many  of  the  daily  records  were  vitiated  by 
smoke  from  bush-fires;  this  was  particularly 
troublesome  during  January  and  February 
1944,  owing  to  the  absence  of  rain. 

Positive  and  negative  air-conductivities  were 
continuously    recorded    and    weekly    calibra- 


justments  of  the  apparatus  were  made  as 
required,  and  the  scalings  and  reductions  are 
current.  Table  5  gives  the  monthly  mean 
values  of  positive  and  negative  conductivities, 
their  sums  and  ratios. 

The  automatic  multifrequency  ionospheric 
recording  apparatus  was  in  practically  con- 
tinuous operation.  The  only  breaks  in  regis- 
tration were  due  to  maintenance,  calibration, 
and  some  minor  repairs  and  adjustments 
necessary  in  the  apparatus  from  time  to  time. 
Some  breakages  in  the  antenna  systems  dur- 
ing high  winds  were  promptly  repaired. 
Daily  reports  of  ionospheric  disturbances  were 
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transmitted  to  Mount  Stromlo  through  the 
Department  of  Air  and  copies  of  monthly 
mean  hourly  values  have  been  sent  to  the 
Department  of  Air,  the  Radio  Research 
Board,  the  Australian  Navy,  and  Washington. 
Copies  of  the  monthly  tabulations  were  sup- 
plied to  the  Radio  Propagation  Committee  of 
Australia  and  the  National  Bureau  of  Stand- 
ards. 

The  use  of  the  Hale  spectrohelioscope,  for 
the  observation  of  activity  in  the  chromo- 
sphere likely  to  give  rise  to  magnetic  and 
ionospheric  disturbances,  was  limited  for  a 
portion  of  the  report-year  by  reason  of  the 
small  staff  and  the  pressure  of  other  more 
vital  work.  Daily  watches  were  resumed, 
however,  in  February  1944. 

The  full  program  of  meteorological  ob- 
servation and  automatic  recording  was  main- 
tained. Coded  reports  of  weather  were  pre- 
pared and  transmitted  thrice  daily  to  the 
forecasting  station  of  the  Royal  Australian 
Air  Force  in  Perth,  and  monthly  summaries 
of  meteorological  data  supplied  to  the  Com- 
monwealth Weather  Bureau,  Melbourne.  A 
daily  journal  of  weather  was  kept.  The  re- 
duction of  the  meteorological  data,  which  was 
in  arrears  at  the  end  of  the  last  report-year,  is 
now  current.  A  feature  of  the  weather  pre- 
vailing during  this  report-year  was  the  unu- 
sually dry  summer  of  1943— 1944.  Apart  from 
a  thunderstorm  early  in  December  1943,  little 
rain  fell  between  October  11,  1943,  and  May 
18,  1944.  January  1944  was  an  exceptionally 
hot  month;  there  were  12  days  on  which  the 
temperature  exceeded  ioo°  F,  the  maximum 
on  January  29  reaching  1130  7,  the  highest 
for  25  years;  on  7  nights  the  minimum 
temperature  was  over  70  °  F,  the  highest 
minimum  (on  January  17)  being  81  °j.  The 
average  temperature  for  January  1944  was 
79 °5.  Table  6  shows  the  monthly  rainfall  at 
the  Observatory  during  1943. 

Owing  to  the  impossibility  of  obtaining 
manual  labor  during  the  greater  part  of  the 
report-year,  only  general  maintenance  and 
urgent  repairs  to  buildings  and  equipment 
could  be  done.  The  road  from  the  Observa- 
tory to  Watheroo  was  regraveled  by  Army 
units  during  October  1943. 


W.  C.  Parkinson  continued  as  Observer- 
in-Charge  and  W.  D.  Parkinson  as  part-time 
Junior  Observer.  The  services  of  one  tech- 
nical assistant,  one  clerk,  and  a  cook  were 
made  available  by  the  Royal  Australian  Air 
Force  as  during  the  previous  year.  Two 
mechanics  are  regularly  employed,  although 
one  (McCall)  was  absent  because  of  sickness 
during  May  and  June.  A  workman  was 
made  available  through  the  National  Service 
Office  early  in  May,  and  he  has  been  regularly 
employed  since. 

TABLE  6 

Rainfall  at  Watheroo  Magnetic  Observatory 
during  1943 


Month 

Monthly 
total 
(in.) 

No.  days 

Average 
for  26  years 

(in.) 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

1.15 

0.65 
1.74 
0.92 
1.74 
3.64 
1.22 
1.37 
1.19 
0.48 
0.04 
0.96 

3 
6 
6 

10 

8 

13 

12 

10 

14 

5 

2 

4 

0.37 
0.54 
1.06 
0.92 
2.19 
3.38 
2.85 
2.17 
1.27 
0.82 
0.30 
0.41 

Totals 

15.10 

93 

16.28 

As  in  previous  years,  the  Observatory  has 
had  the  helpful  cooperation  of  various  gov- 
ernment departments.  Grateful  acknowledg- 
ment is  made  of  the  assistance  of  the  Com- 
monwealth Department  of  Trade  and  Cus- 
toms for  according  free  entry  to  supplies 
and  equipment,  to  the  Department  of  Air 
for  the  safe  transmission  of  records  and  data 
to  Washington  and  also  for  assistance  in 
personnel  matters  (in  the  latter  regard  the 
Signals  Branch  of  the  Royal  Australian  Air 
Force,  Western  Area  Headquarters,  has  been 
most  sympathetic  and  helpful),  and  to  the 
Council  for  Scientific  and  Industrial  Research 
for  receiving  and  forwarding  shipments  from 
Washington. 
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That  practically  the  full  program  of  the 
Observatory  was  maintained  and  an  increas- 
ing quantity  of  current  scientific  data  was 
made  available  to  the  services,  departments, 
and  investigators  is  a  tribute  to  the  sustained 
and  concentrated  efforts  of  the  small  Observ- 
atory staff,  who  have  labored  cheerfully  and 
efficiently. 

Huancayo  Magnetic  Observatory.  The 
Huancayo  Magnetic  Observatory  is  situated 
about  8^  miles  almost  due  west  of  the  town 
of  Huancayo  in  central  Peru,  at  an  altitude 


insuring  proper  control  of  instrumental  opera- 
tion. 

Two  separate  and  complete  three-element 
magnetographs  were  kept  in  operation  con- 
tinuously: an  Eschenhagen  and  a  rapid-run 
la  Cour,  and  in  addition  a  low-sensitivity  la 
Cour  //-variometer  recorded  on  the  Eschen- 
hagen trace.  Base-lines  for  the  Eschenhagen 
were  determined  weekly  by  absolute  observa- 
tions made  with  magnetometer  and  earth- 
inductor.  Scale-value  deflections  for  the 
Eschenhagen  variometers  were  made  by  the 


TABLE  7 
Scale-values  of  magnetographs,  Huancayo  Magnetic  Observatory,  1943 


Month 


Eschenhagen 


D 

C/mm) 


H 
(reduced 
to  base- 
line) 
(7/mm) 


Z 

(means 
of  daily 
values) 

(7/mm) 


la  Cour 


H 

(7/mm) 


Z 

(7/mm) 


January.  . 
February . 
March .  .  . 

April 

May 

June 

July 

August.  .  . 
September 
October.  . 
November 
December . 


0.990 
0.990 
0.990 
0.987 
0.992 
0.984 
0.990 
0.985 
0.988 
0.989 
0.989 
0.989 


1.99 
2.00 
1.99 
1.98 
2.00 
1.97 
1.98 
1.97 
1.99 
1.97 
1.97 
1.97 


4.14 

4.18 

4.28 

4.17 

4.05* 

3.79 

3.93 

4.00 

4.05 

4.05* 

4.05* 

4.13 


6.12 
6.14 
6.10 
6.26 
6.28 
6.19 
6.20 
6.01 
6.22 
6.31 
6.13 
6.19 


7.33 
7.54 
7.25 
7.25 
7.16 
7.26 
7.48 
7.76 
9.01 
8.72 
9.12 
7.62 


*Mean  value  over  several  base-line  shifts. 


of  11,000  feet  (3350  meters)  above  sea-level. 
Its  latitude  is  120  02^7  south  and  its  longitude 
is  750  2o'4  west  of  Greenwich. 

Traces  from  continuously  operating,  auto- 
matically recording  apparatus  are  the  source 
of  practically  all  the  data  issued  by  the  Ob- 
servatory, and  regular  control-  and  check- 
observations  assure  their  validity.  Time-marks 
on  the  traces  and  a  number  of  control-opera- 
tions on  the  instruments  are  automatically 
effected  by  a  master-clock  and  program-ma- 
chine, which  are  frequently  checked  by  radio 
time-signals.  All  the  photographically  re- 
corded   traces    are    developed    daily,    thereby 


Helmholtz  coil  method  weekly  for  the  H- 
and  D-records  and  three  times  a  week  for 
the  Z-record;  monthly  scale-value  deflections 
for  the  la  Cour  records  were  made  by  the 
same  method.  The  resulting  scale-values  are 
given  in  table  7. 

Magnetic  character  and  K-indcx  reports 
were  made  weekly  by  radio  broadcast,  and 
magnetic  storms  were  reported  monthly. 

The  preliminary  values  for  the  annual 
changes  in  the  magnetic  elements  from  1942.5 
to  1943.5  deduced  from  the  magnetograms 
for  all  days,  referring  the  elements  to  the 
north-seeking  end  of  the  needle  and  reckoning 
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east  declination  and  north  inclination  as  posi- 
tive, are:  declination  —  5^3 ;  horizontal  inten- 
sity —  38  gammas;  vertical  intensity  —10 
gammas;  inclination    —  i'o  (see  table  2). 

As  in  other  years,  the  potential-gradient 
and  the  conductivity  of  the  air  were  recorded 
continuously.  Weekly  calibration-observations 
were  made  for  the  instruments,  and  quarterly 
observations  made  on  a  near-by  standardiza- 
tion-plot to  determine  the  reduction-factor 
for    the    recorded    potential-gradient    values. 


temperature  for  the  year  was  24  °  5  C  in 
November  1943,  and  the  maximum  monthly 
mean  was  2o°05  C  in  October.  The  minimum 
temperature  was  —  8°6C  in  June  1944,  and 
the  monthly  mean  minimum  was  —  i°42C, 
also  in  June  (this  is  an  all-time  monthly  low 
for  the  22  years). 

Table  9  summarizes  rainfall  for  each  month 
of  1943  and  the  corresponding  22-year  average 
for  mean  maximum  temperature  and  mean 
minimum  temperature. 


TABLE  8 

Preliminary  monthly  mean  values  of  atmospheric-electric   elements, 
Huancayo  Magnetic  Observatory,   1943 


Month 


No. 

SELECTED 
DAYS 


Potential-gradient 


Reduction 
factor 


Value* 

(v/m) 


Air-conductivity,  unit  10" 4  ESU 


X  + 


X_ 


(A+  +  A-) 


(X+/X-) 


January 

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Totals  and  means 


1.14 

1.20 
1.16 

1.15 


63.4 
50.4 
53.1 
54.5 
49.0 
50.8 
51.0 
52.0 
50.2 
51.9 
39.9 
46.9 


3.68 
3.92 
4.29 
3.98 
4.12 
4.25 
5.16 
4.27 
3.90 
4.18 
5.13 
4.25 


3.65 
3.64 
4.01 
3.92 
4.32 
4.53 
5.39 
4.58 
4.00 
4.14 
5.72 
4.44 


7.33 
7.56 
8.30 
7.90 
8.44 
8.78 

10.55 
8.85 
7.90 
8.32 

10.85 
8.69 


48 


1.16 


51.1 


4.26 


4.36 


8.62 


1.01 
1.08 
1.07 
1.02 
0.95 
0.94 
0.96 
0.93 
0.98 
1.01 
0.90 
0.96 


0.98 


*Using  reduction-factor  1.15. 


The  preliminary  values  of  the  atmospheric- 
electric  results  for  1943  are  given  in  table  8. 

Nuclei-counts  were  also  made  daily  at  a 
point  near  the  meteorological  shelter  at  the 
time  of  the  morning  (o8h,  75  °  west  meridian 
mean  time)  meteorological  observations,  which 
were  continued  in  the  same  form  as  in  other 
years.  Continuous  recordings  of  barometric 
pressure,  air-temperature,  humidity,  velocity 
and  direction  of  wind,  and  hours  of  sunshine 
were  made.  The  rainfall  was  measured  daily, 
and  the  total  for  the  year  July  1,  1943  to  June 
30,  1944  was  32.91  inches,  well  above  the  22- 
year  average  of  29.07  inches.   The  maximum 


Continuous  records  of  the  earth-potentials 
were  made  between  pairs  of  north-south  and 
east-west  earthed  electrodes  on  two  separate 
pampas  in  the  vicinity  of  the  Observatory. 
Only  minor  recording  difficulties  were  en- 
countered, but  there  was  some  interruption 
of  recording  caused  by  the  pulling  down  of 
the  transmission-lines  from  the  electrodes. 

The  automatic  multifrequency  ionospheric 
recorder  operated  continuously  throughout 
the  year  with  only  occasional  loss  of  trace  due 
to  functional  failure,  although  the  equipment 
is  showing  the  wear  of  seven  years  of  con- 
tinuous operation.    The  fixed-frequency  unit. 
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recording  on  the  same  trace,  also  continued  to 
function  at  4800  kc/sec.  Scaling  and  reduc- 
tion of  all  data  were  kept  current,  each 
month's  results  going  forward  by  air-express 
within  the  first  few  days  after  the  end  of  the 
month.  Three  new  masts  were  erected  for  the 
long  antenna  of  the  multifrequency-unit  in 
the  early  part  of  1944. 

CIW  model-C  cosmic-ray  meter  2  recorded 
the  changes  in  cosmic-ray  radiation. 

Daily  observations  of  the  Sun  with  the  Hale 
spectrohelioscope  were  made  when  conditions 


opportunity  to  study  changes  in  the  iono- 
sphere. The  ionospheric  recorder  was  oper- 
ated at  double  normal  speed  for  the  6  hours 
which  contained  the  time  of  eclipse-period  on 
3  days. before  the  eclipse,  on  the  day  of  the 
eclipse,  and  on  3  days  after  the  eclipse,  thus 
giving  excellent  control-data.  A  careful  analy- 
sis was  made  of  the  data  obtained,  and  a 
joint  report  by  the  members  of  the  staff  pre- 
pared. During  the  eclipse,  special  recordings 
of  potential-gradient  and  conductivity  and  ob- 
servations   of    radio    field-intensities    and    of 


TABLE  9 

Monthly  mean  meteorological  elements,  Huancayo  Magnetic  Observatory,   1943,  and 
corresponding  22-year  monthly  means,  i922-i943 


Total  rainfall 

Maximum 
temperatures 

Minimum 
temperatures 

Month 

1943 

(in.) 

22  years 
(in.) 

1943 
(°C) 

22  years 
(°C) 

1943 

CO 

22  years 
(°C) 

January 

4.23 

4.86 

18.17 

18.69 

6.34 

7.01 

February 

7.32 

4.23 

17.28 

18.29 

6.94 

7.00 

March 

3.74 

4.42 

17.33 

18.22 

5.77 

6.49 

April 

0.99 

2.07 

18.82 

18.88 

4.05 

5.04 

May 

0.96 

1.17 

18.45 

19.36 

1.96 

3.06 

June 

0.57 

0.42 

17.62 

19.00 

1.54 

1.90 

July 

0.47 

0.31 

17.90 

18.92 

-0.05 

0.71 

August 

1.02 

0.71 

19.07 

19.54 

1.63 

2.63 

September 

2.18 

2.10 

19.03 

19.60 

4.96 

5.27 

October 

3.45 

2.47 

20.05 

20.20 

5.95 

5.80 

November 

1.67 

2.82 

19.82 

20.55 

5.45 

6.02 

December 

3.08 

3.50 

18.84 

19.74 

5.73 

6.42 

permitted  in  a  total  of  56  per  cent  of  the 
scheduled  observational  periods,  but  activity 
of  the  flare-type  was  noted  only  three  times. 

The  two  Wenner  horizontal-component 
and  the  Benioff  vertical-component  seismo- 
graphs operated  continuously,  except  for  24 
days  when  the  Benioff  was  not  operated  be- 
cause of  lack  of  photographic  paper.  Forty- 
five  seismic  disturbances  were  reported  by 
radio  during  the  year.  F.  P.  Ulrich,  of  the 
United  States  Coast  and  Geodetic  Survey, 
was  at  the  Observatory  for  four  days  in  April 
and  assisted  in  a  thorough  check  and  read- 
justment of  all  three  instruments. 

A  solar  eclipse  on  January  25,  1944,  88  per 
cent  total   at  the   Observatory,   provided   an 


nuclei-counts  were  also  made.    Small  varia- 
tions in  these  observations  during  the  time  of 
*  the  eclipse  showed  correlation  with  the  change 
in  the  solar  light. 

Joel  B.  Campbell,  of  the  United  States  Coast 
and  Geodetic  Survey,  was  a  visitor  at  the 
Observatory  from  May  27  to  June  6,  1944. 
He  was  accompanied  by  representatives  from 
the  Peruvian  Army  and  Navy.  During  the 
visit  a  magnetic  comparison  was  made  be- 
tween the  Observatory  standard  magnetom- 
eter 10  and  field-magnetometer  CIW  28, 
which  was  being  used  by  Mr.  Campbell  in 
his  field-work.  During  three  weeks  following 
this  work,  the  Observer-in-Charge  accom- 
panied   Mr.    Campbell,    Commander    O.   L. 
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Rivera,  and  Colonel  Pedro  A.  Delgado  on  a 
field-trip  to  Chiclayo,  Yurimaguas,  Iquitos, 
Pucallpa,  and  Huanuco. 

The  scaling  and  reduction  of  data  were 
kept  current,  and  all  instrumental  equipment 
was  kept  in  repair  and  efficient  operation. 
Meteorological  data  were  supplied  regularly 
at  the  end  of  each  month  to  the  local  military 
authorities  in  Huancayo  and  to  the  Direccion 
General  de  Comunicaciones  y  Meteorologia 
Aeronautico  of  the  Peruvian  Government. 
Meteorological  data  and  magnetic  data  were 
also  supplied  to  other  interested  persons  and 
institutions. 

Improvements  to  buildings  included  enlarg- 
ing of  the  small  storage-shed  near  the  iono- 
spheric laboratory  to  serve  as  a  temporary 
ionospheric  shop  and  laboratory  after  begin- 
ning construction,  in  May  1944,  of  the  new 
ionospheric  and  field-intensity  building. 

No  change  in  scientific  personnel  has  taken 
place  during  the  report-year.  Paul  G.  Ledig 
continued  as  Observer-in-Charge,  and  Mark 
W.  Jones,  Albert  A.  Giesecke,  Jr.,  and  E.  J. 
Chernosky  as  resident  observers.  Clerical  as- 
sistants T.  Astete,  A.  Macha,  and  V.  Murga 
served  faithfully.  Macha  resigned  in  early 
June  1944,  to  accept  a  scholarship  in  aviation 
mechanics  in  the  United  States.  He  was  re- 
placed by  Elias  Melgar.  The  hearty  coopera- 
tion of  these  men  made  possible  the  satisfac- 
tory completion  of  the  year's  work. 

Grateful  acknowledgment  is  made  of  the 
generous  assistance  of  the  United  States  Em- 
bassy in  obtaining  free  entry  of  equipment 
and  supplies  for  the  Observatory,  and  of  the 
kindness  of  the  Peruvian  Government  in 
granting  this  privilege.  The  kindliness  and 
helpfulness  of  the  Peruvian  people,  both  in 
official  stations  and  in  private  life,  were  also 
factors  in  the  progress  of  the  Observatory. 

College  Observatory,  Alaska.  The  College 
Observatory  is  located  at  the  University  of 
Alaska  in  the  zone  of  maximum  auroral 
activity,  about  5  miles  by  road  west  of  Fair- 
banks, in  latitude  640  51^4  north,  longitude 
1470  49^3  west,  at  about  381  meters  (1250 
feet)  above  sea-level. 

During  the  year  ended  June  30,  1944,  con- 
tinuous measurement  was  made  of  the  follow- 


ing phenomena:  (a)  heights  and  densities  of 
the  ionospheric  layers;  (b)  direction,  hori- 
zontal and  vertical  intensity  of  the  Earth's 
magnetic  field;  (c)  electric  field-strength  from 
several  selected  high-frequency  radio  stations 
in  the  United  States,  England,  Germany,  and 
Japan;  (d)  rate  of  change  of  the  horizontal 
component  of  the  Earth's  magnetic  field;  (e) 
intensity  and  duration  of  zenith  aurora,  as 
light  and  weather  conditions  permitted,  from 
September  through  March;  (/)  direction  of 
arrival  of  high-frequency  radio  signals  from 
March  6,  1944.  Observations  and  measure- 
ments for  control  of  records  were  undertaken 
at  intervals  arranged  to  provide  adequate 
standardization  of  the  continuous  records. 

During  the  year  the  //-fluxmeter  was 
moved  from  the  old  location  to  the  signal- 
intensity  laboratory.  The  auroral  camera  was 
relocated  near  the  magnetograph-buildings 
and  improved  timing-  and  density-controls 
were  added.  A  new  set  of  cams  was  calculated 
and  installed  on  the  ionospheric  equipment. 
Expressions  for  standardization  of  the  signal- 
intensity  records  in  terms  of  absolute  field- 
strength  were  developed  for  the  first  time 
since  the  work  was  begun,  in  May  1941.  The 
Z-variometer  was  adjusted  so  as  to  avoid 
shifts  of  base-line.  Improved  lighting  was  in- 
stalled in  the  offices. 

The  Navy  type  DAB-3  direction-finder  was 
installed  and  placed  in  operation.  Super- 
vision of  the  construction  of  the  building  and 
facilities  for  the  direction-finder  was  under- 
taken. Leases  for  the  site  for  direction-finder 
work  were  drawn  and  completed.  Assistance 
to  the  Cold  Weather  Test  Section  of  the  Army 
Air  Corps  was  rendered  in  measurement  of 
field-strength  laid  down  by  various  types  of 
aircraft  transmitters.  Assistance  was  given 
the  United  States  Coast  and  Geodetic  Survey 
in  general  supervision  of  the  seismic  program 
at  the  University  of  Alaska.  Some  aid  was 
given  the  Signal  Corps  in  prediction  of  dis- 
turbance-periods of  radio  transmission  for  use 
at  Adak,  Anchorage,  Fairbanks,  Nome,  and 
Seattle;  like  information  was  furnished  to 
the  Federal  Communications  Commission, 
the  Civil  Aeronautics  Authority,  and  others 
until  the  inauguration  of  the  regular  program 
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from  Washington.  Cooperation  with  the 
Army  Air  Corps  enabled  one  lost  plane  to  be 
located  by  direction-finder  measurements  and 
to  make  a  safe  landing. 

Conferences  were  held  with  six  local  offices 
of  the  services  and  governmental  bureaus  to 
discuss  conditions  of  radio  propagation  pecu- 
liar to  the  Arctic.  A  series  of  seminars  kept 
the  staff  and  interested  persons  acquainted 
with  developments  of  the  Observatory's  pro- 
gram. Many  reports  on,  and  abstracts  of, 
investigations  conducted  were  prepared. 

The  preliminary  mean  values  of  the  mag- 
netic elements  for  the  year  1943,  as  deduced 
from  the  magnetograms  for  all  days,  referring 
the  elements  to  the  north-seeking  end  of  the 
needle  and  reckoning  east  declination  and 
north  inclination  as  positive,  are:  declination 
+  290  50^1;  inclination  +77°  12^2;  horizontal 
intensity  12,572-/;  vertical  intensity  +55,3507. 

Developments  include  transfer  of  the  sig- 
nal-intensity and  ionospheric  work  from  a 
research  to  an  operational  basis  and  the  addi- 
tion of  the  direction-finder  'program. 

It  was  shown  that  the  Arctic-type  fade-out 
of  radio  signals  is  different  from  that  falling 
under  description  of  the  Dellinger  effect,  and 
that  it  is  probably  the  result  of  ionization  by 
charged  particles  deflected  toward  the  pole 
in  the  Earth's  magnetic  field.  This  confirms 
the  work  of  Appleton  and  Builder  in  Norway 
some  years  ago. 

Further  confirmation  of  quasi-longitudinal 
type  of  radio  wave-propagation  in  these  lati- 
tudes was  demonstrated,  thus  verifying  the 
Appleton  and  Builder  theory  of  magneto-ionic 
double  refraction. 

An  effect  has  been  described  which  indi- 
cates that  high-frequency  radio  wave-propaga- 
tion in  these  latitudes  is  constrained  to  ap- 
proach a  north-south  line  of  arrival  with  in- 
creasing magnetic  activity.  Need  for  con- 
tinuation of  ionospheric  work  in  high  lati- 
tudes has  been  thoroughly  demonstrated,  as 
well  as  need  for  theoretical  attack  on  processes 
of  formation  of  the  sporadic  E-layer  ioniza- 
tion. 

S.  L.  Seaton  continued  as  Observer-in- 
Charge;  he  was  ably  assisted  by  members  of 
the  temporary  staff.  The  United  States  Army 


Air  Corps  cooperated  by  part-time  assignment 
of  two  assistants. 

Grateful  acknowledgment  is  made  of  the 
close  cooperation  of  the  President  and  Board 
of  Regents  of  the  University  of  Alaska  in  ma- 
terial aid  and  accommodations,  which  made 
for  the  success  of  the  Observatory's  continued 
program,  and  of  the  collaboration  of  the 
United  States  Army  Engineers. 

Cooperation  with  Other  Observatories 

Cheltenham  Magnetic  Observatory,  United 
States.  The  cooperative  program  with  the 
Cheltenham  Observatory  of  the  United  States 
Coast  and  Geodetic  Survey  was  continued, 
using  CIW  instruments  for  absolute  standards 
in  horizontal  intensity  and  inclination.  Auto- 
matic daily  records  of  cosmic-ray  intensity 
were  continued  with  the  CIW  precision  meter, 
through  the  courtesy  of  Observer-in-Charge 
J.  Hershberger.  Associate  Magnetic  Observer 
J.  B.  Campbell  of  the  United  States  Coast 
and  Geodetic  Survey  compared  CIW  mag- 
netometer 28  with  the  standard  magnetic 
equipment  at  Huancayo  and  also  with  sine- 
galvanometer  1  subsequently  at  Cheltenham, 
thus  obtaining  another  control  on  our  absolute 
standards  at  Huancayo. 

Tucson  Magnetic  Observatory,  United 
States.  Through  cooperation  with  the  United 
States  Coast  and  Geodetic  Survey,  registra- 
tions of  atmospheric  potential-gradient  and 
of  positive  and  negative  air-conductivities 
were  obtained,  with  the  assistance  of  Ob- 
server-in-Charge J.  H.  Nelson.  Table  10 
summarizes  the  monthly  and  annual  values 
of  the  atmospheric  elements  as  computed  by 
Mrs.  G.  Dewey,  of  the  Observatory's  staff. 
The  observed  value  on  June  21  of  the  reduc- 
tion-factor for  potential-gradient  was  1.26, 
which  is  in  good  agreement  with  the  station- 
mean  of  1.24 — the  value  used  in  table  10. 

Apia  Observatory,  Western  Samoa.  In  the 
geomagnetic  program,  CIW  magnetometer  9 
and  CIW  Schulze  earth-inductor  2  were  used 
for  absolute  observations.  The  source  of  the 
discrepancies  in  base-line  observations  for 
horizontal  intensity  was  discovered,  and  satis- 
factory   values    have    been    adopted    for    the 
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period  since  1937.  A^-indices  were  scaled  for 
May  194 1  to  April  1944. 

Hermanns  Magnetic  Observatory,  South 
Africa.  Dr.  A.  Ogg  continued  the  use  of 
CIW  magnetometer-inductor  17  for  absolute 
observations.  Complete  /^-indices  were  re- 
ceived. The  magnetic  reductions  for  all  days 
of  the  year  1943  were  completed  and  reported. 

Godhavn  Observatory,  Greenland.  K.  Thie- 
sen  continued   the  magnetic  and   cosmic-ray 


of  personnel.  At  the  direction  of  Governor 
E.  Brun  of  Greenland,  and  with  the  authori- 
zation of  the  Danish  Minister  at  Washington, 
D.  C.,  Mr.  Thiesen  again  came  from  Godhavn 
to  the  Ivigtut  Observatory  for  the  period 
July  1-20,  1943,  in  order  to  maintain  adequate 
control  of  the  magnetic  registrations,  ^-in- 
dices of  geomagnetic  activity  were  reported 
weekly  through  the  cooperation  of  the  United 
States  Army  Communication  Services. 


TABLE  10 

Preliminary  monthly   mean  values  of  atmospheric-electric   elements, 
Tucson  Magnetic  Observatory,   1943 


Month 


POTENTIAL-GRADIENT 


No. 

selected 
days 


Value 

(v/m) 


AlR-CONDUCTIVITY,  UNIT   10~  4  ESLT 


All 

complete 
days 


Af 


X_ 


(A+  +  X-) 


(X+A-) 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Totals  and  means 


19 
23 
15 
19 
19 
13 
17 
11 
17 
23 
23 
21 


61.6 
53.9 
48.6 
50.2 
50.6 
53.7 
49.0 
58.0 
47.3 
51.5 
48.3 
58.0 


29 

28 
27 
29 
31 
29 
24 
25 
26 
27 
28 
21 


2.36 
2.51 
2.50 
2.58 
2.52 
2.53 
2.31 
2.36 
2.56 
2.71 
2.46 
2.23 


2.20 
2.32 
2.36 
2.48 
2.50 
2.51 
2.15 
2.20 
2.37 
2.47 
2.40 
2.04 


220 


52.6 


324 


2.47 


2.33 


4.56 
4.83 
4.86 
5.06 
5.02 
5.04 
4.46 
4.56 
4.93 
5.18 
4.86 
4.27 


4.80 


1.07 
1.08 
1.06 
1.04 
1.01 
1.01 
1.07 
1.07 
1.08 
1.10 
1.02 
1.09 


1.06 


programs.  K-'mdices  and  magnetic  reductions 
were  received  currently  through  the  courtesy 
of  the  Secretary  of  State,  Washington,  D.  C. 
Ivigtut  Magnetic  Observatory,  Greenland. 
Despite  the  hardship  entailed  in  the  operation 
of  a  magnetic  observatory  under  severe  cli- 
matic conditions,  since  the  Observatory  must 
necessarily  be  located  at  some  distance  from 
the  mine-workings,  S.  O.  Corp,  Manager  of 
the  Ivigtut  Cryolite  Mines,  obtained  complete 
magnetic  records.  The  company  generously 
donated  facilities,  electric  power,  and  services 


Christchurch  Observatory,  New  Zealand. 
Director  H.  F.  Baird  continued  the  operation 
of  the  CIW  cosmic-ray  meter.  K-indices  were 
regularly  supplied. 

Royal  Alfred  Observatory,  Mauritius.  CIW 
marine-inductor  4  continued  on  loan  for  de- 
termination of  inclination  at  the  Royal  Alfred 
Observatory. 

Teoloyucan  Observatory,  Mexico.  Dr.  J. 
Gallo,  Director  of  the  National  Astronomical 
Observatory  of  Mexico,  continued  operation 
of  the  CIW  cosmic-ray  meter. 
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PUBLICATIONS  ON  THE  "CARNEGIE"  DATA 


A  total  of  ten  volumes  in  the  series 
"Scientific  Results  of  Cruise  VII  of  the 
Carnegie  during  1928— 1929,  under  Com- 
mand of  Captain  ).  P.  Ault"  have  now 
been  prepared  for  offset  printing;  of 
these,  seven  have  been  published.  The  vol- 
umes are  generally  classified  under  Biology 
(5  volumes),  Meteorology  (2  volumes), 
Oceanography  (2  volumes,  of  which  one 
is  in  two  parts,  and  a  third  still  to  be 
prepared),   Chemistry    (1   volume).    It  is 


necessary  to  prepare  a  twelfth  and  final 
volume  to  include  general  miscellaneous 
results  and  reports  bearing  on  oceanogra- 
phy and  recommendations  based  on  ex- 
perience on  the  Carnegie,  for  the  use  of 
other  organizations  taking  up  general  pro- 
grams at  sea  along  like  lines. 

Preparation  of  final  master  copies  from 
the  manuscripts  for  offset  production  was 
done  by  Mrs.  R.  M.  Crow,  and  the  illustra- 
tions were  arranged  by  Hendrix. 


INSTRUMENT-SHOP 


The  work  of  the  Instrument-Shop  and 
the  Cyclotron  Shop  during  the  report-year 
totaled  approximately  36,000  man-hours,  of 
which  6900  were  on  construction  of  the 
cyclotron  and  approximately  23,800  (in- 
cluding some  3650  overtime)  were  on  six 
war  contracts. 

Much  work  of  the  main  shop  was  devoted 
to  making  replacement  parts  for  iono- 
spheric apparatus  at  Watheroo,  Huancayo, 
and  College  observatories.  Minor  repairs 
and  modifications  were  made  to  the  Gish- 
Hess  ionization-chambers,  to  the  control- 


box  for  the  sine-galvanometer  at  Chelten- 
ham Magnetic  Observatory,  and  to  other 
instruments.  The  foundry,  during  ten 
days  of  operation,  made  421  pounds  of 
nonmagnetic  brass  castings  and  400  pounds 
of  lead  castings. 

Some  5300  man-hours  were  used  for 
urgent  necessary  maintenance  of  buildings 
and  grounds,  construction  of  furniture  and 
benches  for  the  Cyclotron  Building  and 
of  many  storage-cabinets,  packing  of  equip- 
ment for  shipment,  and  provision  for  in- 
creased number  of  staff. 


MISCELLANEOUS  ACTIVITIES 


There  was  active  participation  in  scien- 
tific meetings,  conferences,  and  organiza- 
tions by  members  of  staff,-  of  whom  many 
served  as  officers  and  on  special  com- 
mittees. So  far  as  possible,  contacts  were 
maintained  with  geophysical  organizations 
and  geophysicists  abroad  and  in  the  United 
States.  A  great  portion  of  the  Depart- 
ment's activities  was  absorbed  in  matters 
relating  to  aspects  of  the  war  effort  and  in 
conferences  with  cooperating  observatories 
and  organizations  in  the  United  States  and 
Canada. 

Library.   There  has  been  practically  no 


change  in  the  international  situation  with 
regard  to  foreign  scientific  books  and 
journals,  from  that  outlined  last  year.  The 
principal  British  scientific  journals  and 
some  publications  from  the  Union  of 
Socialist  Soviet  Republics  are  received  with 
more  or  less  delay.  Although  the  number 
of  books  and  magazines  emanating  from 
Axis-dominated  countries,  reproduced 
with  the  permission  of  the  Alien  Property 
Custodian,  was  considerably  extended, 
only  a  few  of  these  reproductions  were 
purchased,  chiefly  because  of  the  diminish- 
ing number  of  contributions  of  interest  in 
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connection  with  the  researches  of  the  De- 
partment. In  domestic  publications  also, 
owing  to  the  absorption  of  an  ever-increas- 
ing number  of  investigators  into  activities 
bearing  directly  on  the  war,  some  falling 
off  of  major  original  contributions  to  ter- 
restrial magnetism  and  electricity  has  been 
evident. 

Despite  these  unfavorable  conditions,  the 
total  of  487  accessions  was  somewhat 
greater  than  that  for  either  of  the  two 
previous  years.  The  total  number  of  ac- 
cessioned books  and  pamphlets  on  June  30, 
1944  was  27,540.  The  practice  of  catalogu- 
ing all  articles  in  current  periodicals,  as 
well  as  books,  reprints,  and  other  pam- 
phlets, bearing  on  subjects  under  investiga- 
tion at  the  Department  was  continued, 
facilitating  reference  to  data  otherwise  not 
readily  accessible. 

The  project  of  making  available  transla- 
tions in  English  of  outstanding  contribu- 
tions to  the  early  history  of  geomagnetism, 
begun  last  year,  was  continued.  Three 
additional  contributions,  provided  with 
suitable  introductions,  were  published  in 
the  Journal  of  Terrestrial  Magnetism  and 
Atmospheric  Electricity ;  these  are  as  fol- 
lows: The  letter  of  Georg  Hartmann  to 
Duke  Albrecht  of  Prussia  (1544) ;  The 
shadow  instrument,  by  Pedro  Nunes 
(1537);  letter  of  Gerhard  Mercator  of 
Rupelmonde  to  Antonius  Perrenotus,  Most 
Venerable  Bishop  of  Arras  (1546).  We  are 
indebted  to  Dr.  J.  de  Sampaio  Ferraz,  of 
Rio  de  Janeiro,  for  the  translation  of  the 
contribution  of  Pedro  Nunes,  as  well  as 
for  a ,  similar  translation  from  sixteenth- 
century  Portuguese  of  selections  from  the 
log-books  of  Joao  de  Castro,  to  be  pub- 
lished later. 

The  Librarian  continued  as  coeditor  of 
the  Journal  of  Terrestrial  Magnetism  and 
Atmospheric  Electricity,  giving  attention 
particularly  to  foreign  contributions,  prep- 
aration of  notes,  reviews  of  books  and 
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reports,  and  annotated  bibliographies  of 
recent  publications  on  cosmic  and  terres- 
trial magnetism  and  electricity. 

The  list  of  publications  by  members  of 
the  Department  on  December  31,  1943 
showed  a  total  of  2267.  Reprints  of  these 
papers  are  distributed  to  a  list  of  interested 
persons  and  institutions;  because  of  urgent 
work  connected  with  the  war  and  of  postal 
restrictions,  complete  distribution  must  be 
delayed  until  some  future  time. 

As  in  the  past,  the  facilities  of  the  Li- 
brary were  made  available  to  students  and 
investigators  from  governmental  bureaus 
and  particularly  to  specialists  concerned 
with  the  prosecution  of  the  war.  Inter- 
library  loans  were  continued  with  a  num- 
ber of  libraries.  Information  on  a  large 
variety  of  subjects,  some  bearing  only  re- 
motely on  the  work  of  the  Department, 
was  supplied  in  response  to  requests  from 
various  sources.  Cordial  relations  were 
maintained  with  other  libraries,  particu- 
larly the  Library  of  Congress. 

Dove  continued  as  Secretary  to  the 
Director  and  remained  in  charge  of  the 
general  correspondence  files  of  the  Depart- 
ment and  the  storage  and  distribution  of 
reprints.  He  typed  many  reports  and 
manuscripts. 

Office  administration.  The  war  work  of 
the  Department  has  occupied  practically 
all  the  regular  time  and  a  considerable 
amount  of  overtime  of  the  staff  assigned  to 
Administrative  Assistant  M.  B.  Smith. 
This  included  correspondence,  placing  of 
orders,  accounting,  and  matters  concerned 
with  personnel.  The  large  amount  of  work 
done  would  not  have  been  possible  without 
the  efficient  assistance  of  Moats,  Miss  Gott- 
shall,  Miss  Dermody,  and  Dove,  of  the 
regular  staff,  and  of  the  many  temporary 
employees  assigned  to  the  Administrative 
Assistant. 

The  many  details  of  wartime  shipments, 
inventories,  statements  of  time  and  costs 
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of  work,  and  preparation  of  reports  and 
manuscripts  were  completed  by  Capello, 
Secretary  and  Property-Clerk.  Charts,  dia- 
grams, and  illustrations  for  many  special 
reports  and  publications  were  prepared  by 
Hendrix,  who  with  J.  W.  Green  also  did 


a  great  amount  of  necessary  photographic 
work  and  reproductions.  Filing  and  ar- 
ranging of  field-records  were  done  by  Miss 
Balsam,  who  with  Capello  maintained  the 
catalogues  of  photographs  and  films,  and 
index-albums  of  prints. 
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1943,  Pt-  h  PP-  221-222  (1943). 

Vestine,  E.  H.  Remarkable  auroral  forms, 
Meanook  Observatory,  Polar  Year,  1932-33. 
Terr.  Mag.,  vol.  48,  pp.  233-236  (1943). 

Preliminary  summary,  auroral  observa- 
tions, Meanook,  Canada,  December  1,  1932, 
to  June  30,  1933.  Terr.  Mag.,  vol.  49,  pp. 
25-36   (i944)- 

The  geographic  incidence  of  aurora  and 

magnetic  disturbance,  Northern  Hemisphere. 
Terr.  Mag.,  vol.  49,  pp.  77-102  (1944). 

See  Williamson,  P.  H. 


Wait,  G.  R.  Cause  for  the  radical  change  with 
season  in  the  type  of  potential-gradient  diur- 
nal-variation curves  at  Watheroo.  (Abstract) 
Amer.  Geophys.  Union,  Trans.  1943,  pt.  I, 
pp.  219-220  (1943)- 
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Williamson,  P.  H.,  E.  H.  Vestine,  and  H.  F. 

Johnston.     Discussions    of    recent    methods 

of    reducing    field    observations    to    epochs. 

(Abstract)    Amer.   Geophys.   Union,   Trans. 

1943,  pt.  I,  p.  234  (1943). 
Wright,  F.  E.    See  Adams,  W.  S. 

Reviews 

Dove,  W.  N.  American  Geophysical  Union, 
Transactions  of  1943,  edited  by  J.  A.  Flem- 
ing.   (Rev.)  Terr.  Mag.,  vol.  49,  p.  8  (1944). 

Wait,  G.  R.  The  recombination  law  for  weak 
ionization,  by  P.  J.  Nolan.  (Rev.)  Terr. 
Mag.,  vol.  48,  p.  185  (1943). 

Special  Publications 
Scientific  results  of  cruise  VII  of  the  Carnegie 


during  1928-1929  under  command  of  Cap- 
tain J.  P.  Ault: 
Biology — IV.  Biological  results  of  the  last 
cruise  of  the  Carnegie.  Carnegie  Inst.  Wash. 
Pub.  555,  v  +  92  pp.,  3  pis.,  25  figs.,  5  maps 
(1943) .  (Contents:  I,  The  phytoplankton,  by 
Herbert  W.  Graham.  II,  Marine  algae,  by 
William  Albert  Setchell.  Ill,  Polychaetous 
annelids,  by  Aaron  L.  Treadwell.  IV,  The 
mysids,  by  W.  M.  Tattersall.  V,  The  isopods, 
by  James  O.  Maloney.  VI,  The  halobates,  by 
Harry  G.  Barber.  VII,  List  of  birds,  by 
Alexander  Wetmore.  VIII,  Miscellaneous 
determinations:  The  sponge,  by  M.  W. 
de  Laubenfels;  the  echinoderms,  by  Austin 
H.  Clark;  the  insects  and  mites,  by  E.  A. 
Chapin  and  others;  the  pyrosomids,  by  H.  S. 
Hopkins;  the  lizard,  by  Doris  M.  Cochran.) 
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Committee  on  Coordination  of  Cosmic-Ray  Investigations.    Progress  report  for  the 
period  July  1943  to  June  1944.  (For  previous  reports1  see  Year  Books  Nos.  32  to  42.) 


Despite  the  continued  assignment  of  in- 
terested personnel  to  war-research  prob- 
lems, good  progress  was  made  by  several 
of  the  groups  with  whom  the  Carnegie 
Institution  of  Washington  has  been  privi- 
leged to  cooperate.  The  programs  of 
Messrs.  R.  B.  Brode,  S.  E.  Forbush, 
Thomas  H.  Johnson,  C.  E.  Nielsen,  Wil- 
son M.  Powell,  and  M.  S.  Vallarta  are  in 
abeyance,  but  each  one  expects  to  resume 
his  investigations  as  soon  as  conditions 
permit. 

The  operation  of  cosmic-ray  meters 
at  Cheltenham,  Huancayo,  Teoloyucan, 
Christchurch,  and  Godhavn  was  main- 
tained almost  without  interruption  by  the 
collaborating  agencies.  The  supplying  of 
recording  paper,  replacing  of  batteries  and 
parts,  and  filing  and  copying  of  records 
to  make  them  promptly  available  for  any 
current  and  future  use  were  effected  by 
the  Department  of  Terrestrial  Magnetism. 
The  emergency  continued  those  difficulties 
of  obtaining  materials,  supplies,  and  ship- 
ping facilities,  especially  for  the  stations 
abroad,  referred  to  in   last  year's  report. 

The  groups  at  University  of  Chicago, 
California  Institute  of  Technology,  Ford- 
ham  University,  and  New  York  Univer- 
sity made  progress  as  indicated  in  the 
appended  reports.  All  these  reports  show 
worth-while  developments  and  discussions 
as  well  as  potentialities  for  future  theo- 
retical and  statistical  investigations  and 
discoveries. 

Grateful  acknowledgment  is  made  to 
the   directors   and   members   of  organiza- 

1  For  statement  on  formation,  purposes,  and 
policies  of  the  Committee  see  Year  Book  No.  38 
(1938-1939),  pp.  335-349. 


tions  which  continued  their  contributions 
and  services  to  the  program;  these  include 
the  Danish  Meteorological  Institute,  the 
National  Astronomical  Observatory  of 
Mexico,  the  New  Zealand  Department  of 
Scientific  and  Industrial  Research,  and  the 
United  States  Coast  and  Geodetic  Survey. 
The  Consul-General  of  Denmark  in  New 
York  and  the  United  States  Coast  Guard 
were  most  helpful  in  connection  with  the 
forwarding  of  the  necessary  supplies  for 
operation  and  maintenance  of  the  observa- 
tory at  Godhavn. 

W.  S.  Adams 

J.  A.  Fleming,  Chairman 

F.  E.  Wright 

Statistical  Investigations  of  Cosmic-Ray 

Variations  at  Department  of 

Terrestrial  Magnetism 

S.  E.  Forbush  and  Isabelle  Lange 

Instruments.  Operation  of  the  Carnegie 
Institution's  precision  cosmic-ray  meters 
was  continued  at  the  following  stations: 
Cheltenham  (Maryland,  United  States) 
Magnetic  Observatory  of  the  United  States 
Coast  and  Geodetic  Survey,  meter  C-i, 
John  Hershberger  in  charge;  Huancayo 
(Peru)  Magnetic  Observatory  of  the  De- 
partment of  Terrestrial  Magnetism,  Car- 
negie Institution  of  Washington,  meter 
C-2,  P.  G.  Ledig  in  charge;  National 
Astronomical  Observatory  of  Mexico  at 
Teoloyucan  (D.  F.,  Mexico),  meter  C-4, 
Dr.  Joaquin  Gallo  in  charge;  Amberley 
Branch  of  the  Christchurch  (New  Zea- 
land) Magnetic  Observatory  of  the  De- 
partment of  Scientific  and  Industrial  Re- 
search, meter  C-5,  J.  W.  Beagley  in  charge; 
Godhavn  (Greenland)  Magnetic  Observa- 
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tory  of  the  Danish  Meteorological  Institute,  might  be  attributed  either  to  changes  of 

meter  C-6,  K.  Thiesen  in  charge.  "air-radiation"     (gamma    rays    from    the 

Reduction  of  data.   Scalings  and  tabula-  radioactive  products  in  the  atmosphere), 

tions  of  hourly  values  of  cosmic-ray  ioniza-  or  to  the  cosmic  radiation,  or  to  both, 

tion,  bursts,  and  barometric  pressure  could  Measurements   over   land    (in  gardens) 

not  be  kept  current  owing  to  pressure  of  gave    an    average    of   4.9    /.     Subtracting 

war  work.  2.36  /  (cosmic  plus  air-radiation),  one  gets 

The  full-time  engagement  of  Mr.  For-  at  least  2.5  /  for  gamma  rays  from  the 

bush   and   Miss   Lange   on   war   research  ground  at  all  locations  where  the  ground 

permitted  only  routine  handling  of  records  consisted  of  humus  and  was  covered  with 

and  making  copies  of  data  received  for  grass.   This  is  considerably  more  than  one 

distribution  to  interested  investigators.  would   expect   if   the   most   recent   values 

for  the  radium-,  thorium-,  and  potassium- 

Cosmic-Ray  Work  at  Fordham  content  of  sedimentary  rocks  are  adopted 

University  (i.i  /).   In  addition  it  was  found  that  the 

,7          _  TT  variation  of  the  ionization  over  land  was 
Victor  r.  Hess 

twice  as  great  as  over  water. 

A  study  of  the  ionization  of  the  atmos-  The  apparatus  was  overhauled  and  im- 

phere  by  cosmic  and  terrestrial  radiation,  proved  in  the  shop  of  the  Department  of 

In    1941    the    author    suggested    methods  Terrestrial  Magnetism  during  the  winter 

which  make  it  possible  to  determine  simul-  and  will  be  used  for  further  experiments 

taneously  the  residual  ionization  and  the  in  the  summer  and  fall  of  1944. 
efTect  of  cosmic  rays  and  of  local  gamma 

rays  from  the  ground,  and  to  separate  these  Cosmic-Ray  Investigations  at  New  York 

components  of  total  ionization.  University 

The  apparatus,  designed  by  O.  H.  Gish 
and  K.  L.  Sherman,  of  the  Department 
of  Terrestrial  Magnetism,  Carnegie  Insti-  In  spite  of  the  pressure  of  urgent  war 
tution  of  Washington,  and  constructed  by  work,  it  has  been  found  possible  to  devote 
that  Department,  was  used  by  the  author  a  certain  amount  of  effort  to  cosmic-ray 
in  preliminary  measurements  in  and  studies.  One  investigation  started  last  year 
around  New  York  in  the  summer  and  was  completed  and  another  is  still  in  prog- 
autumn  of  1943.  ress.    During  the  period  July   1,   1943  to 

The  ionization  over  water  (on  a  wooden  June  30,  1944,  the  following  researches 
pier  80  meters  from  the  shore  and  on  a  were  made,  aided  in  part  by  funds  sup- 
yacht  offshore,  Long  Island  Sound),  where  plied  through  the  Carnegie  Institution  of 
gamma  rays  from  the  ground  were  absent,  Washington: 

was  found  to  vary  between  1.7  and  2.7  Study  of  the  quenching  mechanism  in 
ion-pairs  per  cc  at  normal  pressure  and  self-quenching  counters.  A  theory  describ- 
temperature  (/) ;  the  average  was  2.36  /.  ing  the  quenching  mechanism  in  self- 
Individual  daily  mean  values  between  July  quenching  counters  was  evolved  and  was 
and  October  from  0911  to  i6h  were  1.74,  found  to  be  supported  by  experimental 
2.00,  2.73,  2.51,  2.60,  2.71,  2.56,  1.87,  2.16  /  tests.  It  has  been  known  for  some  time 
(chambers  filled  with  pure,  dry,  filtered  that  the  addition  of  almost  any  organic 
nitrogen,  at  normal  pressure  and  tempera-  vapor  to  the  gas  contained  in  a  Geiger- 
ture).   The  total  variation  of  about  one  /  Mueller  counter  causes  the   discharge  in 
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these  counters  to  extinguish  itself,  and 
therefore  such  "self-quenching"  counters 
may  be  operated  without  the  supplemen- 
tary resistances  or  vacuum-tube  quenching 
circuits  used  with  the  non-self-quenching 
counters.  The  mode  of  operation  of  the 
organic  vapor  has  been  somewhat  obscure. 
In  an  effort  to  produce  better  counters  for 
cosmic-ray  work,  the  mechanism  was 
studied  in  detail. 

Briefly,  the  theory  suggests  that  the 
quenching  action  is  due  to  two  phenomena, 
produced  by  the  organic  molecules.  The 
first  effect  occurs  because  the  ionization- 
potential  of  the  organic  quenching  con- 
stituent is  lower  than  that  of  the  inert 
gases  used.  Consequently,  electron-transfer 
takes  place,  and  the  positive  ions  reaching 
the  cylinder  are  entirely  those  of  the  or- 
ganic molecules.  Secondly,  these  organic 
ions  upon  neutralization  predissociate 
rather  than  radiate,  because  in  the  complex 
molecule  the  energy  in  the  molecular  bond 
is  less  than  that  involved  in  the  electronic 
transitions.  Since  the  molecules  do  not 
radiate,  no  photoelectrons  are  formed,  and 
with  the  supply  of  secondary  electrons  thus 
cut  off,  the  discharge  ceases  and  the  coun- 
ter is  said  to  be  quenched.  Experimental 
tests  lent  support  to  this  hypothesis. 

A  new  measurement  of  the  ratio  of 
mesotron-mass  to  lifetime.  A  mathematical 
analysis  of  the  correlation  between  the  ob- 
served fluctuation  in  the  cosmic-ray  in- 
tensity at  sea-level  and  the  meteorological 
variables  throughout  the  atmosphere  has 
been  made.  This  analysis,  combined  with 
the  experimental  observations  of  the  quan- 
tities in  question,  yields  a  new  value  for 
the  ratio  of  the  mesotron-mass  to  lifetime. 
The  analysis  assumes  that  the  mesotrons 
are  largely  produced  at  high  elevations 
and  takes  account  of  the  loss  in  mesotron- 
intensity  due  both  to  decay  and  to  ioniza- 
tion, as  the  producing  layer  is  moved  up 
and    down    by    the    changing    air-masses 


below  it.  Previous  analyses  had  all  made 
simplifying  assumptions  which  were  found 
to  be  open  to  criticism  in  that  they  neg- 
lected the  interdependence  of  the  two 
modes  of  loss  of  energy.  The  actual  corre- 
lations made  with  the  aid  of  this  analysis 
by  comparing  observed  cosmic-ray  data 
with  information  on  weather  at  various 
elevations  obtained  by  radiosonde  were 
found  to  be  more  significant  than  were  the 
correlations  of  the  same  data  when  com- 
puted according  to  the  older  methods  in 
common  use.  For  example,  the  customary 
procedures  in  computing  coefficients  of 
pressure  and  external  temperature  can  be 
improved  and  rendered  more  accurate  by 
calculating  a  single  "air-mass"  coefficient. 
The  ratio  having  once  been  determined, 
the  correlations  can  also  be  employed  to 
give  additional  information  regarding  the 
behavior  and  the  nature  of  the  air-masses 
by  observing  the  changes  in  the  cosmic-ray 
intensity  at  sea-level.  An  improved  cosmic- 
ray  telescope  is  under  construction  to  make 
possible  the  obtaining  of  further  data. 

Personnel.  It  is  a  pleasure  to  acknowl- 
edge the  cooperation  received  from  several 
persons.  Professor  R.  D.  Present  collabo- 
rated in  the  development  of  the  theory  of 
self-quenching  counters.  Messrs.  Kenneth 
Kupferberg  and  F.  Reines  and  Dr.  B. 
Hamermesh  have  participated  in  the 
mathematical  analysis  of  the  mesotron- 
intensity  and  its  dependence  on  meteor- 
ology. 
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Cosmic-Ray  Studies  at  California 
Institute  of  Technology 

Robert   A.   Millikan,   H.  Victor  Neher,   and 
William  H.  Pickering 

This  year,  July  1,  1943  to  June  30,  1944, 
as  in  the  year  preceding,  we  have  been 
prevented  by  our  war  responsibilities 
from  making  the  much-needed  and  long- 
planned  measurements,  with  a  vertically 
arranged  pair  of  counters,  at  and  near  the 
predicted  latitude  of  first  vertical  entrance 
of  the  helium-annihilation  rays,  and  from 
checking  again,  by  similar  measurements, 
the  latitude  of  first  vertical  entrance  of 
carbon-annihilation  rays.  Nevertheless,  we 
have  been  able  to  make  a  careful  study 
and  analysis  of  data,  as  yet  unpublished, 
taken  in  the  summer  of  1940  by  means  of 
high-altitude  electroscope-flights.  Accord- 
ingly we  are  now  able  to  add  some  new 
facts  and  some  new  elements  of  interpre- 
tation, as  follows:  (1)  We  find  definite 
evidence  that  a  new  band  of  rays,  which 
we  interpret  as  helium-annihilation  rays, 
does  come  in  vertically  at  about  the  pre- 
dicted latitude.  (2)  We  present  a  discus- 
sion of  the  possible  composite  character  of 
the  so-called  silicon-annihilation  band  and 
of  the  so-called  oxygen-annihilation  band. 

(3)  We  bring  forward  an  explanation  of 
the  cause  of  the  large  and  already  reported 
variability  in  the  cosmic-ray  intensities 
found  in  high-altitude  electroscope-flights 
at  Bismarck,  Omaha,  and  Oklahoma  City. 

(4)  We  make  a  new  and  more  accurate 


determination  of  the  value  of  the  field- 
sensitive  and  the  non-field-sensitive  com- 
ponents of  the  incoming  cosmic  rays. 

1.  Evidence  for  helium -annihilation  rays 
entering  between  magnetic  latitudes  5/? j 
and  560  N.  That  a  new  band  of  rays  that 
has  the  low  penetrating  power  of  the 
helium-annihilation  rays  has  come  in  be- 
tween the  curves  for  Omaha  and  Bismarck 
(that  is,  between  magnetic  latitudes  51  ?3' 
north  and  560  north)  is  shown  in  figure  2 
by  the  difference  between  the  two  curves  at 
the  top,  and  their  complete  coincidence  at 
all  levels  lower  down  in  the  atmosphere 
than  about  1.8  meters  of  water. 

On  the  other  hand,  the  difference  be- 
tween the  curves  for  Omaha  and  Okla- 
homa City  is  seen  to  extend  down  to  low 
altitudes,  for  the  reason,  as  we  think,  that 
there  are  no  abundant  atoms  between  car- 
bon and  helium,  so  that  carbon-annihila- 
tion rays,  three  times  as  energetic  as 
helium-annihilation  rays  (combined  also 
with  some  smaller  amounts  of  nitrogen- 
and  oxygen-annihilation  rays),  keep  the 
curves  apart.  Incidentally,  we  find  indica- 
tions (see  table  below)  that  the  top  of  the 
curve  for  Omaha  probably  has  a  con- 
siderable ingredient  of  helium  rays  in  it. 
The  curves  of  figure  2  furnish,  then, 
some  indirect  evidence  in  support  of  the 
very  much  better  direct  evidence  already 
reported  (Phys.  Rev.,  vol.  63,  p.  241,  fig.  7, 
1943)  that,  since  there  are  no  abundant 
atoms  in  interstellar  space  of  weights  be- 
tween those  of  carbon  and  helium,  there 
is  indeed — as  there  should  be  on  the  basis 
of  the  atom-annihilation  hypothesis — a  flat 
plateau  of  constant  vertically  incoming 
cosmic-ray  energy  between,  say,  magnetic 
latitudes  440  and  540  north.  At  any  rate, 
figure  2  is  not  inconsistent  with  this  pre- 
diction. 

2.  The  possible  composite  character  of 
the  silicon   and  the  oxygen   bands.    It  is 
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desirable  to  call  attention  to  one  further 
characteristic  of  some  of  these  five  pre- 
dicted cosmic-ray  bands,  namely,  the  so- 
called  silicon-band,  which  we  found  in 
India  between  Agra  (magnetic  latitude 
17? 3    north)    and    Peshawar    (magnetic 


28.3)  is  probably  ten  times  more  abundant 
in  interstellar  space  than  are  any  of  the 
three  closely  adjacent  elements  aluminum 
(atomic  weight  27.1),  phosphorus  (atomic 
weight  31),  and  sulphur  (atomic  weight 
32),   these   are   all   so   close   to   silicon   in 


METERS  OF  WATER 


METERS  OF  WATER 


Fig.  1.  Details  showing  consistency  obtained 
in  three  successive  flights  in  one  day;  similar 
consistency  was  shown  between  component 
curves  making  up  each  of  five  mean  curves  of 
figure  2  (flights  from  August  21  to  September  3, 
1940). 


Fig.  2.  Soft  helium  rays  cause  Bismarck-Omaha 
difference  only  at  high  altitudes;  penetrating 
carbon  rays  cause  difference  between  Oklahoma 
City  and  Omaha  extending  down  to  low  alti- 
tudes. 


latitude  25 °  north),  and  the  oxygen-band, 
which  we  found  in  Mexico  (about  mag- 
netic latitude  33 °  north).  Both  these  bands 
may  have  a  composite  character.  For  al- 
though, according  to  Bowen's  measure- 
ments (Phys.  Rev.,  vol.  61,  p.  399,  foot- 
note   5,    1942),    silicon     (atomic    weight 


weight  that  their  annihilation  rays  would 
be  quite  inseparable  by  the  type  of  tests 
we  have  so  far  made. 

Hence,  for  simplicity  we  shall  continue 
to  designate  this  observed  band  of  in- 
coming rays  the  "silicon-band"  without 
wishing  to   deny   to  it   the  possibility   of 
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a  composite  structure.  Indeed,  P.  Swings, 
who,  with  his  collaborators,  has  recently 
made  elaborate  studies  on  the  abundance 
of  both  atoms  and  molecules  in  interstellar 
space  (Astrophys.  Jour.,  vol.  95,  p.  270, 
1942;  see  also  ibid.,  vol.  92,  p.  292,  1942; 
Astron.  Soc.  Pacific,  vol.  54,  p.  3,  1942; 
Jour.  Roy.  Astron.  Soc.  Canada,  vol.  35, 
p.  74,  1941),  says,  "It  may  safely  be  as- 
sumed that  the  atomic  populations  in  inter- 
stellar space  of  hydrogen,  oxygen,  nitrogen, 
and  carbon  per  cc  are  between  1  and  io"3." 
These  estimates  of  the  actual  interstellar 
abundance  of  these  atoms  are  not  out  of 
harmony  with  Bowen's  measurements  of 
the  relative  interstellar  abundance  of  atoms. 
From  these  Bowen  finds  {loc.  cit.)  the 
helium  atom  one-tenth  as  abundant  as  the 
hydrogen  atom,  and  the  atoms  of  carbon, 
nitrogen,  oxygen,  and  silicon  each  about 
one-tenth  as  abundant  as  .the  atom  of 
helium. 

Swings  also  writes  us  that  "the  inter- 
stellar abundance  of  the  carbon  compound 
molecules  CH  and  CH+  must  be  of  the 
order  io"6  per  cc."  In  other  words,  the  most 
abundant  interstellar  molecules  would  have 
only  1/10,000  of  the  abundance  of  the 
foregoing  abundant  atoms,  carbon,  oxygen, 
nitrogen,  and  silicon,  so  that  so  far  as  the 
origin  of  the  "field-sensitive  cosmic  rays"  x 
is  concerned,  no  molecules  and  no  atoms 
heavier  than  the  atoms  causing  the  silicon- 
band  need  to  be  considered  at  all.  This 
introduces  a  very  great  simplification  into 
the  whole  problem  of  origin. 

The  oxygen-band  like  the  silicon-band 

1  We  define  non-field-sensitive  cosmic  rays  as 
those  at  the  magnetic  equator  in  India  when  the 
measuring  instrument  that  is  carried  to  the  top 
of  the  atmosphere  is  an  electroscope.  Field-sensi- 
tive rays  are  the  additional  rays  that  come  in 
when  the  electroscope-measurements  are  carried 
out  at  successive  latitudes  between  the  equator 
and  the  pole. 


may  have  a  bit  of  complexity  about  it,  for, 
according  to  Bowen's  table  {loc.  cit.),  the 
neon  atom  has  one-tenth  the  interstellar 
abundance  of  oxygen.  Because  of  its  weak- 
ness and  closeness  to  oxygen  (atomic  num- 
bers 10  and  8,  respectively),  we  had  no 
hope  of  separating  the  two  effects  and  de- 
cided to  designate  the  whole  effect  as  the 
"oxygen-annihilation  band." 

3.  The  variability  in  incoming  cosmic- 
ray  intensities.  From  as  careful  a  study 
as  we  have  been  able  to  make  of  the  Le- 
maitre-Vallarta  curves  reproduced  in  figure 
2  of  an  earlier  paper  (Phys.  Rev.,  vol.  61, 
p.  401,  1942;  see  also  Lemaitre  and  Val- 
larta's  original  papers  in  Phys.  Rev.,  vol.  49, 
p.  719,  and  vol.  50,  p.  503,  1936;  and  vol. 
43,  p.  87,  1933),  supplemented  by  a  little 
adjustment,  especially  in  the  case  of  the 
oxygen-band,  because  of  our  own  observa- 
tions shown  in  figure  4  in  Physical  Review, 
vol.  61,  p.  403  (1942),  and  because  of  the 
evidence  presented  in  Physical  Review,  vol. 
63,  pp.  239,  242  (1943)  that  off  the  west 
coast  of  South  America  the  electronic  en- 
ergy necessary  to  get  vertically  through  the 
resistance  of  the  Earth's  magnetic  field  at 
the  equator  is  13  billion  electron-volts 
(bev)  instead  of  the  15  bev  assumed  by 
Lemaitre  and  Vallarta  (probably  a  correct 
assumption  for  computing  incoming  ener- 
gies north  of  Pasadena),  we  have  estimated 
in  the  accompanying  table  the  critical  mag- 

Critical  magnetic  latitudes  in  North  America 
for  entry  of  cosmic  annihilation  rays 


Energy 

(bev) 

Latitude  of 

Atom 

First 
entry  on 
western 
horizon 

Full 
entry  on 
eastern 
horizon 

Vertical 
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O 

1.88 
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32 

27 

22 

59° 
49 
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54° 
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39.5 
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netic  latitudes  for  the  entry  of  the  cosmic 
annihilation  rays  as  measured  by  electro- 
scopes. 

This  table  brings  to  light  the  bad  over- 
lapping of  the  various  bands  and  the 
impossibility  of  unscrambling  them,  save 
in  the  case  of  the  helium-band.  But  be- 
cause of  the  wide  difference  in  energy 
between  helium  and  carbon,  the  former  is 
able  to  appropriate  to  itself  entirely  all 
latitudes  above  51  °,  so  that,  on  the  basis 
of  the  atom-annihilation  hypothesis,  if  in 
going  north  new  cosmic  ■  rays  come  in 
between  51  °  and  590,  they  can  only  be 
helium-annihilation  rays.  In  fact,  as  is 
shown  in  figure  2,  there  can  be  no  uncer- 
tainty about  the  appearance  of  a  new  band 
of  rays  between  Omaha  and  Bismarck, 
and  a  band  so  little  penetrating,  as  helium- 
rays  should  be,  that  it  cannot  throw  its 
influence  down  even  to  the  2-meter  level, 
below  which  depth  the  curve  for  Bismarck 
is  seen  in  figure  2,  as  stated  above,  to  co- 
incide completely  with  the  curve  for 
Omaha. 

We  have  published  on  several  occasions 
in  recent  years  the  discovery  of  large  and, 
thus  far,  wholly  inexplicable  changes  in 
incoming  cosmic-ray  intensities  as  meas- 
ured by  the  electroscope-technique  in  the 
northern  part  of  the  United  States. 

Thus,  in  September  1937  we  made  good 
flights  with  electroscopes  at  Omaha  to  such 
heights  as  to  get  definitely  over  the  maxi- 
mum of  ionization  in  our  electroscopes. 
The  value  of  this  ionization  at  the  top 
when  reduced  to  standard  air-density  was 
338  ions  per  cc.  In  1938  we  went  to  Omaha 
in  winter  (late  December),  repeated  these 
experiments,  and  found  a  maximum  ioni- 
zation at  the  top  of  364  ions  per  cc,  an 
increase  of  nearly  8  per  cent.  The  maxi- 
mum ionization  shown  at  the  top  in  the 
flights  of  1940  herewith  reported  (see  figs. 


1,  2)  is  413  ions  per  cc,  an  increase  over 
December  1938  of  13.4  per  cent. 

Again,  the  maximum  which  we  obtained 
in  Bismarck  in  the  summer  of  1938  was 
374  ions  per  cc,  whereas  the  maximum 
found  in  1940  at  Bismarck  and  reported 
in  figure  2  was  485  ions  per  cc,  or  an  in- 
crease over  1938  of  29.7  per  cent. 

Still  further,  our  maximum  obtained  in 
Oklahoma  City  in  the  summer  of  1938 
was  280  ions  per  cc,  whereas  the  maximum 
shown  in  the  summer  of  1940  (see  fig.  2) 
is  319  ions  per  cc,  an  increase  over  1938  of 
14  per  cent.  Contrast  the  foregoing  find- 
ings with  the  fact  that  in  electroscope- 
flights  at  San  Antonio  in  the  summer  of 
1936  we  got  a  maximum  of  2^4  ions  per 
cc,  and  that  when  we  repeated  these  flights 
in  1940,  we  found  (see  fig.  2)  precisely  the 
same  maximum  as  in  1936. 

Also,  not  only  was  our  maximum  at 
Madras,  India,  in  1936  the  same  as  in  Feb- 
ruary 1940,  but,  as  was  shown  in  the  report 
of  our  India  work  (Phys.  Rev.,  vol.  61, 
p.  408,  fig.  1,  1942),  the  two  curves  taken 
four  years  apart  are  everywhere  indis- 
tinguishable. 

In  a  word,*  whereas  the  cosmic  rays 
coming  in  at  Madras  and  at  San  Antonio 
seem  to  remain  amazingly  constant,  in  the 
northern  part  of  the  United  States  they 
show  amazing  fluctuations. 

We  seek  the  explanation  of  this  strange 
behavior  in  the  atom-annihilation  hypoth- 
esis as  follows:  We  assume  for  simplicity 
that  the  cosmic  processes  creating  the 
cosmic  rays  cause  an  essentially  constant 
incidence  of  all  the  five  cosmic-ray  bands 
on  the  Earth.  According  to  Bowen,  he- 
lium  is   ten   times   more   abundant   than 

# 

carbon,  nitrogen,  oxygen,  or  silicon,  and 
even  from  the  standpoint  of  energy,  if  the 
probability  of  the  transformation  of  the 
whole  rest-mass  into  an  electron-pair  is 
the  same  for  all  atoms,  the  energy  in  the 
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helium-band  is  some  3.5  times  that  in  the 
carbon-,  nitrogen-,  and  oxygen-bands,  and 
some  1.5  times  that  in  the  silicon-band. 

Bismarck  and  Omaha  both  lie  close  to 
the  southern  edge  of  the  polar  cap  of  he- 
lium-annihilation rays,  which  we  have  com- 
puted as  located  for  vertical-counter  meas- 
urements at  magnetic  latitude  540  north, 
and  for  electroscope-measurements  at  be- 
tween magnetic  latitudes  51  °  north  and  59  ° 
north.  With  even  slight  changes  in  the 
Earth's  magnetism,  this  edge  of  the  helium 
polar  cap  will  move  north  or  south,  and, 
since  the  resistance  to  incoming  electrons 
is  very  small  in  northern  latitudes,  the  rela- 
tive effect  of  changes  in  the  Earth's  mag- 
netic field  may  be  correspondingly  large, 
depending  upon  the  kind  of  cause  that 
makes  the  change.  In  equatorial  latitudes, 
where  the  resistance  to  incoming  electrons 
is  say  eight  times  larger  than  at  Bismarck 
or  Omaha,  the  fluctuations  in  the  Earth's 
magnetic  field  will  have  smaller  influence, 
and  no  influence  at  all  unless  the  point  of 
observation  is  near  the  edge  of  one  of  the 
five  polar  caps  corresponding  to  the  lati- 
tude of  entrance  of  one  of  the  cosmic-ray 
bands. 

In  the  present  experiments,  according 
to  the  table  above,  the  helium-rays  from 
the  western  horizon  are  already  passing 
through  the  electroscope  in  the  upper 
levels  of  the  atmosphere,  and  a  very  little 
change  in  the  Earth's  magnetic  field  that 
would  make  the  band  move  say  20  south- 
ward, according  to  Lemaitre-Vallarta 
curves,  would  throw  the  greater  part  of 
the  energy  of  the  helium-band  into  the 
top  of  the  curve  at  Omaha.  It  is  presum- 
ably actually  there  in  these  observations 
in  which  the  curve  for  Omaha  runs  higher 
than  we  have  observed  it  to  do  in  any  of 
our  other  trials  there. 

Oklahoma  City  is  the  only  place,  save 
Bismarck    and    Omaha,    at    which    these 


changes  have  been  observed,  and  here  they 
were  in  smaller  amount.  Oklahoma  City 
is  actually  quite  close  to  the  computed  lati- 
tude of  entrance  of  the  carbon-band.  The 
reason  for  the  high  values  of  the  curves 
for  Bismarck,  Omaha,  and  Oklahoma  City 
in  1940  is  that  then  the  edge  of  the  helium 
and  carbon  polar  caps  were  farther  south 
than  at  the  time  of  previous  readings.  Fur- 
thermore, as  the  table  shows,  the  width  of 
the  slope  of  the  rise  to  a  new  plateau  in- 
creases greatly  for  the  more  southerly 
bands.  This  is  another  reason  why  a  small 
change  in  the  Earth's  magnetic  field  has 
little  effect  in  the  more  southerly  latitudes, 
but  a  large  effect  in  the  northerly  ones. 

4.  The  field-sensitive  component  of  the 
cosmic  ray.  In  view  of  the  greater  accuracy 
attained  in  these  electroscope-measure- 
ments than  in  our  preceding  ones,  we  have 
computed  from  the  new  curves  of  figure  2, 
combined  with  the  unchanged  measure- 
ments at  Madras  (Phys.  Rev.,  vol.  61, 
P-  397>  figs-  x>  7>  8,  1942),  that  the  field- 
sensitive  component  defined  through  these 
electroscope-readings  is  65  per  cent  of  all 
incoming  cosmic-ray  energy.  All  this  is 
due  to  incoming  charged  particles.  There 
is  at  present  no  way  of  finding  what  frac- 
tion of  the  non-field-sensitive  component 
is  due  to  charged  particles  and  what  to 
photons,  though  part  of  it  is  unquestion- 
ably due  to  the  former. 

This  investigation,  like  many  preceding 
ones,  has  had  support  from  the  Carnegie 
Corporation  of  New  York  administered 
by  the  Carnegie  Institution  of  Washington. 
For  this  aid  the  authors  wish  to  express 
their  keen  appreciation. 
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Cosmic-Ray  Research  at  the  University 
of  Chicago 

Marcel  Schein 

Mountain  experiments.  In  the  summer 
of  1943,  cosmic-ray  experiments  were  car- 
ried out  on  Mount  Evans,  Colorado.  Since 
the  beginning  of  1943  the  territory  around 
Mount  Evans  has  been  occupied  by  the 
United  States  Army  Air  Forces.  By  special 
permission  of  General  Lawson,  command- 
ing officer  of  Buckley  Field,  the  expedition 
was  allowed  to  stay  at  Camp  Echo  and  to 
carry  out  cosmic-ray  studies  at  Echo  Lake 
and  on  top  of  Mount  Evans.  The  very  effi- 
cient assistance  the  expedition  received 
from  the  United  States  Army  greatly 
helped  in  carrying  out  an  extensive  pro- 
gram of  cosmic-ray  research. 

Marcel  Schein  and  J.  Tabin  measured 
the  penetration  and  shower-production  of 
cosmic-ray  particles  in  the  energy-range 
below  2  X  io8  electron-volts  (e-v).  It  was 
found  that  many  of  these  particles  tra- 
versed three  lead  plates  in  succession  with- 
out producing  any  showers  in  the  lead. 
Hence  these  particles  do  not  consist  of 
electrons.  If  they  were  mesotrons  or  pro- 
tons, however,  their  tracks  in  the  cloud- 
chamber  should  exhibit  a  considerably 
heavier  ionization  than  those  of  electrons. 
Since  the  majority  of  them  show  electronic 
tracks  in  the  chamber,  it  is  concluded  that 
these  particles  must  have  a  mass  inter- 
mediate between  that  of  an  electron  and 
that  of  a  mesotron.  The  mass  of  the  new 
particle  can  roughly  be  estimated  at  about 
20  electronic  masses.  Furthermore,  it  is  as- 
sumed that  the  new  particle  is  unstable 
and  disintegrates  spontaneously  into  elec- 
trons and  neutrinos.  New  experiments 
dealing  with  the  problem  of  creating  low- 
mass  mesotrons  artificially  by  high-energy 
photons  are  planned  for  the'  near  future. 

A  series  of  experiments  on  the  produc- 
tion  of  mesotrons   in   different   materials 


were  carried  out  by  J.  Tabin  on  top  of 
Mount  Evans  (14,200  feet)  and  at  Echo 
Lake  (10,600  feet).  A  production  of  single 
mesotrons  by  non-ionizing  radiation  was 
found  to  be  present  in  paraffin,  aluminum, 
iron,  and  lead.  The  cross-section  of  this 
process  is  nearly  equal  to  the  area  of  the 
corresponding  atomic  nucleus.  It  is  there- 
fore concluded  that  the  creation  of  a  meso- 
tron is  a  nuclear  process.  The  nature  of 
the  mesotron-producing  radiation  was  in- 
vestigated and  it  was  found  that  most  of 
the  mesotrons  on  Mount  Evans  are  pro- 
duced by  non-ionizing  rays  which  are  very 
absorbable  in  1  cm  of  lead  but  are  capable 
of  penetrating  as  much  as  60  cm  of  paraffin. 
This  definitely  indicates  that  in  the  lower 
atmosphere  the  mesotrons  are  produced  by 
photons. 

L.  G.  Lewis  used  a  new  method  to  in- 
vestigate extensive  atmospheric  showers. 
The  method  consists  in  measuring  the 
coincidences  between  cosmic-ray  bursts 
which  occur  simultaneously  in  two  un- 
shielded ionization-chambers.  R.  E.  Lapp 
proved  that  at  sea-level  these  bursts  are 
caused  by  the  high-density  regions  of  at- 
mospheric showers  traversing  both  ioniza- 
tion-chambers simultaneously.  To  explore 
this  high-density  part  of  the  shower,  the 
coincidences  between  bursts  were  meas- 
ured as  a  function  of  chamber-separation. 
These  experiments  yielded  a  number  of 
entirely  new  results.  It  was  found  that 
some  of  the  showers  covered  the  area  of 
100  m2  with  a  minimum  density  of  6000 
particles  per  m2.  Such  showers  must 
originate  from  primaries  having  energies 
as  high  as  io17  e-v,  which  represents  the 
highest  energy  observed  so  far.  In  numer- 
ous cases  showers  were  found  with  their 
cores  (high-density  regions)  extending 
from  1  to  2  meters  from  the  center  of  the 
shower.  This  is  30  times  smaller  than 
predicted  by  the  theory  for  showers  ini- 
tiated by  primary  electrons.   On  the  basis 
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of  current  theories,  the  presence  of  these 
very  narrow  showers  can  only  be  ex- 
plained by  assuming  that  they  originate 
from  secondary  electrons  or  photons  which 
are  produced  not  too  far  above  the  point 
of  observation.  The  mechanism  by  which 
such  high-energy  electrons  and  photons * 
could  be  produced,  however,  is  not  known 
in  physics  so  far. 

A  search  for  mesotrons  in  extensive 
showers  was  made  by  A.  Rogozinski.  He 
found  that  the  positive  results  obtained  by 
previous  investigators  can  be  partly  ex- 
plained by  the  presence  of  collision-elec- 
trons in  air  produced  by  mesotrons. 

Balloon  experiments  in  the  stratosphere. 
The  multiple  production  of  mesotrons  in 
paraffin  was  studied  in  the  high  atmosphere 
by  Marcel  Schein,  M.  Iona,  Jr.,  and  J. 
Tabin.  It  was  found  that  in  a  block  of 
paraffin  of  5-cm  thickness  multiple  meso- 
trons are  frequently  produced  by  ionizing 
primaries  (protons).  This  result  is  not  in 
agreement  with  the  predictions  of  a  re- 
cently developed  theory  of  the  production 
of  mesotrons  by  protons  (Heitler,  Hamil- 
ton, and  Peng,  1943).  According  to  this 
theory,  the  mesotrons  should  be  created  as 
singles  in  successive  processes.  Such  a  cas- 
cade-production of  mesotrons  does  not  give 
a  sufficient  number  of  multiple  processes 
in  a  block  of  paraffin  of  5-cm  thickness. 

For  measuring  the  frequency  of  giant 
atmospheric  showers  in  the  stratosphere,  a 
balloon-apparatus  of  large  dimensions  was 
constructed  by  P.  Auger,  A.  Rogozinski, 
and  Marcel  Schein.  Two  groups  of  cosmic- 
ray  counters  were  placed  at  a  distance  of 
26  feet  from  each  other,  and  the  three-, 
four-,  and  fivefold  coincidences  were  regis- 
tered between  five  different  counter-com- 

1  A  possible  mechanism  for  the  production  of 
such  electrons  would  be  the  spontaneous  decay 
of  mesotrons  with  an  extremely  short  mean  life 
(lifetime  less  than  io~9  second). 


binations.  The  results  show  that  very  few 
high-density  showers  of  large  extension  are 
present  in  the  stratosphere.  Showers  ex- 
hibiting a  high  particle-density  have  very 
small  extension  at  high  altitudes  (50  cm 
from  the  center  of  the  shower),  a  fact 
which  shows  that  these  showers  are  in  the 
initial  stages  of  their  development.  This 
is  in  good  agreement  with  the  results  ob- 
tained by  Lewis  at  Echo  Lake,  Colorado. 

A  general  analysis  of  cosmic-ray  phe- 
nomena in  high  altitudes  was  attempted 
by  Marcel  Schein.  Using  the  data  on  mul- 
tiple mesotron-production  in  the  strato- 
sphere, a  separation  of  the  mesotron-com- 
ponent from  the  proton-component  was 
made  possible.  The  curve  obtained  for  the 
mesotron-intensity  as  a  function  of  atmos- 
pheric pressure  exhibits  a  maximum  at  a 
pressure  of  5  cm  of  mercury.  The  primary 
protons  entering  the  Earth's  atmosphere 
are  quickly  absorbed  by  nuclear  collisions 
in  air,  and  as  a  result  their  intensity  is  very 
small  in  the  lower  atmosphere. 

Sea-level  experiments.  The  frequency  of 
cosmic-ray  bursts  was  measured  by  R.  E. 
Lapp  in  a  model-C  meter  shielded  by  dif- 
ferent thicknesses  of  iron.  The  transition- 
curve  of  bursts  has  a  pronounced  maxi- 
mum at  a  thickness  of  12  cm  of  iron.  Lapp 
found  that  a  large  fraction  of  the  bursts 
registered  below  12  cm  of  iron  originates 
from  atmospheric  showers  capable  of  tra- 
versing the  iron  shield.  This  was  shown 
by  putting  a  number  of  coincident  counters 
at  a  distance  of  several  meters  from  the 
chamber  and  then  recording  those  events 
in  which  bursts  in  the  ionization-chamber 
occur  simultaneously  with  large  air-show- 
ers discharging  all  the  counter-tubes.  The 
core  of  these  showers  contains  high-energy 
electrons  capable  of  penetrating  the  shield. 
This  method  was  used  for  determining 
the  penetration  and  the  average  energy  of 
the  electrons  in  the  core  of  an  air-shower. 
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The  results  show  that  some  of  the  showers 
at  sea-level  contain  electrons  of  energies  as 
high  as  io11  e-v. 

K.  Kingshill  measured  at  sea-level  the 
coincidences  between  bursts  occurring 
simultaneously  in  two  unshielded  ioniza- 
tion-chambers.  The  results  give  a  con- 
siderably smaller  number  of  burst-coinci- 
dences at  sea-level  than  at  the  altitude  of 
10,600  feet.  The  increase  in  the  number 
of  burst-coincidences  with  elevation  is  very 
much  larger  than  the  corresponding  in- 
crease in  the  number  of  counter-coinci- 
dences found  by  N.  Hilberry.  This  is  due 
to  the  fact  that  by  the  method  of  counter- 
coincidences  showers  of  a  much  smaller 
density  are  selected  than  by  the  method  of 
coincident  bursts. 

Theory  of  cosmic  rays.  It  is  now  well 
established  that  mesotrons  moving  through 
the  Earth's  atmosphere  disintegrate  spon- 
taneously into  electrons  and  neutral  par- 
ticles of  unknown  nature  (probably  neu- 
trinos). The  spectrum  of  the  electrons  aris- 
ing from  the  disintegration  of  these  meso- 
trons was  calculated  by  H.  E.  Stanton.  The 
theoretical  spectrum  of  the  electrons  was 
determined  for  an  altitude  of  14,200  feet 
(Mount  Evans)  and  the  results  were  com- 
pared with  the  experimental  data  obtained 
by  D.  Hall  on  Mount  Evans  and  by  W. 
Hazen  in  California.  The  agreement  be- 
tween theory  and  experiment  is  satisfactory 
in  both  cases.  It  can  therefore  be  concluded 
that  the  electrons  in  the  lower  atmosphere 
are  secondaries  of  the  mesotron. 

The  lateral  spread  and  the  density-distri- 
bution of  electrons  in  a  shower  were  calcu- 
lated by  L.  Wolfenstein.  The  theoretical . 
density-distribution  computed  for  showers 
initiated  by  primary  electrons  was  com- 
pared with  the  experimental  data  obtained 
by  Lewis  and  Kingshill  at  Echo  Lake  and 
in  Chicago.  A  large  discrepancy  exists  be- 
tween theory  and  experiment  for  both  alti- 
tudes.   The  experiments  show  that   most 


air-showers  have  high-density  cores  of  only 
a  few  meters  extension,  whereas  the  theory 
requires  an  extension  of  60  meters  from 
the  center  of  the  shower.  This,  however, 
does  not  mean  that  the  cascade-theory 
cannot  be  applied  to  showers  of  very  high 
energy.  It  is  far  more  probable  that  the 
discrepancy  is  caused  by  the  unjustified 
assumption  that  the  extensive  atmospheric 
showers  originate  from  primary  electrons 
of  very  high  energy. 
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During  the  year  under  review  the  regu- 
lar research  programs  which  have  been 
under  way  for  some  years  have  for  the 
most  part  been  put  aside  and  the  efforts 
of  the  staff  directed  to  problems  arising 
out  of  the  war.  As  the  war  has  progressed 
it  has  become  evident  that  not  only  are 
there  many  problems  directly  connected 
with  the  aspects  of  combat  and  defense 
which  must  be  solved  by  scientific  methods, 
but  a  host  of  problems  arising  directly  or 
indirectly  out  of  the  huge  complexities  of 
the  conflict  are  in  need  of  scientific  investi- 
gation. The  problems  of  the  latter  type 
were  not  nearly  as  urgent  or  obvious  as 
were  those  dealing  with  combat  and  de- 
fense, but  in  the  long  run  may  be  of  equal 
importance.  After  considerable  prelimi- 
nary study  of  a  number  of  subjects  of 
potential  importance  to  the  war  effort  and 
the  post-war  period,  to  which  the  facilities 
of  the  laboratory  and  the  training  of  the 
staff  could  be  turned  to  advantage,  two 
projects  were  undertaken.  To  these  the 
complete  attention  of  the  staff  has  been 
turned  during  the  past  year. 

The  first  of  these  projects  is  concerned 
with  the  isolation  of  a  new  antibiotic, 
chlorellin,  which  is  obtained  from  the 
green,  unicellular  alga  Chlorella.  The  very 
noteworthy  success  of  penicillin  has  en- 
couraged the  search  for  other  substances 
produced  by  plants,  which  may  be  effica- 
cious in  cases  not  reached  by  penicillin 
or  which  may  be  produced  more  easily. 
Facilities  for  the  culture  of  larger  quanti- 
ties of  the  organisms  and  methods  for  the 
extraction  of  chlorellin  have  been  worked 
out,  and  some  preliminary  tests  with  ani- 
mals have  been  made.    These  studies  ap- 


pear to  offer  sufficient  encouragement  to 
warrant  further  investigation. 

It  is  difficult  to  realize  that  within  so 
short  a  period  as  the  past  half-century  one 
of  our  greatest  natural  food  resources  has 
been  so  completely  exploited  through  mis- 
management that  it  presents  a  serious  na- 
tional problem.  This  is  the  depleted  live- 
stock range  of  the  West.  The  situation 
has  apparently  become  aggravated  by  the 
increased  demand  for  meat  occasioned  by 
the  war.  As  a  contribution  to  this  prob- 
lem, members  of  the  staff,  cooperating  with 
the  U.  S.  Soil  Conservation  Service,  have 
undertaken  a  program  directed  to  the  pro- 
duction of  new  range  grasses,  utilizing 
principles  recently  worked  out  in  the  Divi- 
sion. For  this  program  grass  stocks  from 
many  different  parts  of  the  world  are  being 
employed.  In  1943  seven  different  cross- 
pollinations  between  members  of  two  sec- 
tions of  the  genus  Poa  were  made,  and 
these  have  been  augmented  by  twenty-four 
additional  combinations  tried  under  su- 
perior conditions  during  the  present  year. 
The  hybrids  which  have  been  obtained 
demonstrate  that  species  of  Poa  so  remotely 
related  as  those  employed  can  be  crossed 
successfully.  It  is  a  cardinal  aim  of  this 
program  to  obtain  hybrids  of  remotely  re- 
lated parents,  which  not  only  will  possess 
superior  qualities,  but  will  reproduce 
largely  by  asexual  means  and  thereby  con- 
tinue indefinitely  as  "new  species." 

In  planning  the  crossings,  consideration 
is  given  to  the  morphology,  native  habitat, 
ecological  preferences,  seasonal  behavior, 
and  disease  resistance  of  the  selected  pa- 
rental strains.  Hybrids  are  sought  that  will 
combine  hybrid  vigor  and  greater  climatic 
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tolerance  than  their  parents,  drought  and  upon  the  characteristics  of  their  offspring, 

disease  resistance,  and  greater  soil-holding  which   must   be   determined  by   practical 

capacity,  with  a  longer  period  of  use  for  tests. 

livestock.  Some  of  the  hybrids  already  Owing  to  difficulties  of  travel  and  the 
obtained  appear  to  combine  favorably  the  fact  that  the  staff  has  been  otherwise  en- 
characters  of  their  parents,  but  their  gaged,  very  little  field  work  has  been  done 
chances  of  success  in  nature  will  depend  in  any  of  the  projects  of  the  Division. 

BIOCHEMICAL  INVESTIGATIONS 

H.  A.  Spoehr,  J.  H.  C.  Smith,  H.  H.  Strain,  H.  W.  Milner,  and  G.  J.  Hardin 

Chlorellin  Recently  it  has  been  found  that  an  anti- 

The  discovery  that  a  mold,  Peniallium  bacterial  substance  accumulates  in  uncon- 

notatum,  produces  a  product  of  such  re-  ta™inated  cultures  of  Chlorella  and  that 

markable  properties  as  penicillin  has  insti-  the  actlvlty  of  this  substance  can  be  tested 

gated    the    examination    of    many    other  by  standard  bacteriological  methods.  This 

microorganisms  in  the  hope  of  discovering  substance  has  been  designated  by  the  name 

similar,   or    even    more   useful,   products,  chlorellin,  although  it  must  be  recognized 

This  search,  carried  on  in  many  labora-  that  the  Products  thus  far  obtained  prob- 

tories,  has  the  objective  of  discovering  anti-  ably    do   not   represent   a   pure   chemical 

bacterial     substances     which     are     active  substance. 

against  bacteria  not  inhibited  by  penicillin,  Culture.  The  organisms  were  grown  in 

or  of  finding  substances  which  are  effica-  Purely   inorgamc  nutrient  solution.    Var- 

cious  under  conditions  in  which  penicillin  lous  Proportions  and  concentrations  of  the 

is  not.  Most  of  the  microorganisms  which  essential  inorganic  salts  have  been  tested, 

have  been  investigated  in  this  search  have  As   a   standard   procedure,   the  following 

been  heterotrophic  plants.  solution  has  been  adopted  as  yielding  most 

Prompted  largely  by  the  desire  to  make  satisfactory  results:    74  grams  magnesium 

a  contribution  to  the  war  effort,  an  investi-  sulfate  neptahydrate,  37  grams  potassium 

gation   was   initiated,   cooperatively   with  hydrogen  phosphate,  38  grams  potassium 

members  of  the  stafl  of  the  College  of  mtrate>    and    °'02    Sram    ferrous    sul£ate 

Pharmacy  of  the  University  of  California,  neptahydrate  in  15  liters  of  water.   Water 

of  the  possibility  of  obtaining  an  antibac-  £rom  various  sources  was  tned5  the  most 

terial  substance  from  cultures  of  the  uni-  satisfactory  results  were  obtained  from  a 

cellular  green  alga  Chlorella.  This  organ-  local  wel1  water  which  was  boiled  and 

ism  is  autotrophic  and,  therefore,  does  not  cooled>  allowing  the  precipitation  of  cal- 

require  organic  material  for  its  growth,  cium  and  magnesium  carbonates,  and  then 

only  inorganic  salts,  carbon  dioxide,  and  filtered.     These    solutions,    contained    in 

light  being  needed.   For  many  years  this  5'gallon   "Pyrex"   bottles,  fitted   with  the 

plant  has  found  extensive  use  as  experi-  necessary  tubes  for  aeration,  were  sterilized 

mental  material  in  the  study  of  photosyn-  in  an  autoclave.    After  cooling,   15  1.  of 

thesis,    so    that    considerable    information  nutrient    solution    were    inoculated    with 

regarding    its    culture    had    already    been  800    ml.   of   stock    Chlorella    pyrenoidosa 

gained,  although  it  had  been  grown  only  cultures  containing  about  20,000  cells  per 

on  a  very  small  scale.  cubic  millimeter,  thus  making  an  initial 
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population  of  about  1000  Chlorella  cells 
per  cu.  mm.  The  stock  cultures  of  Chlo- 
rella were  free  of  all  other  microorganisms. 

After  inoculation,  the  5-gallon  bottles 
were  placed  in  a  greenhouse  in  subdued 
daylight.  A  stream  of  5  per  cent  carbon 
dioxide  in  air  was  continuously  passed 
through  the  cultures.  The  gas  stream  was 
filtered  through  sterile  cotton  to  avoid  con- 
tamination by  foreign  organisms.  The  cul- 
tures were  shaken  several  times  a  day.  In 
the  course  of  about  30  days  the  cell  popula- 
tion grew  to  a  density  of  about  40,000  per 
cu.  mm.  The  temperature  rarely  rose  above 
30 °  C,  and  it  was  found  that  this  tempera- 
ture was  not  detrimental  to  the  develop- 
ment of  the  organisms. 

After  having  grown  in  the  greenhouse 
for  about  30  days  under  natural  illumi- 
nation, the  cultures  were  subjected  to 
continuous  illumination  from  fluorescent 
lamps  for  2  to  3  days.  Although  the 
matter  has  not  been  exhaustively  exam- 
ined, there  is  indication  that  the  yield  of 
antibacterial  substance  is  increased  during 
this  period  of  continuous  illumination. 
Needless  to  say,  there  remain  many  prob- 
lems in  connection  with  the  culture  of 
Chlorella  for  the  production  of  chlorellin 
which  require  more  careful  investigation, 
and  it  is  not  improbable  that  many  steps 
in  the  process  can  be  greatly  improved. 
The  investigation  of  these  problems  is,  of 
course,  limited  by  the  size  of  the  staff,  and 
it  was  felt  that  primary  consideration 
should  be  given  to  the  production  of  suf- 
ficient chlorellin,  by  the  means  now  avail- 
able, to  provide  the  material  necessary  for 
chemical  examination  and  for  experimen- 
tation with  animals  as  the  critical  test  of 
its  antibacterial  properties.  The  Chlorella 
culture  capacity  consisted  of  forty  5-gallon 
bottles,  from  each  of  which  15  liters  of 
culture  solution  could  be  obtained. 

Harvesting.  At  the  end  of  the  period  or. 
illumination  the  cultures  were  examined 


microscopically  for  contamination.  Occa- 
sionally it  was  found  that  a  culture  was 
contaminated  by  bacteria,  molds,  or  yeast. 
Such  cultures  were  discarded.  The  Chlo- 
rella cells  were  separated  from  the  culture 
solution  by  means  of  a  Sharpies  super- 
centrifuge.  The  clear,  slightly  yellow,  cell- 
free  solution  was  used  for  the  extraction 
of  the  chlorellin.  This  culture  solution, 
at  the  time  of  inoculation,  had  a  pH  of  5.8; 
after  growth  of  the  cells  and  centrifugation, 
the  solution  showed  a  pH  of  6.25-6.5.  The 
Chlorella  cells  which  were  separated  by 
centrifugation  weighed  35-50  grams  on  a 
fresh-weight  basis,  or  10-15  grams  dry 
weight,  per  15-liter  culture.  It  was  found 
advisable  to  extract  the  centrifugates  im- 
mediately, as  they  readily  became  infected 
with  molds  or  yeasts. 

Extraction  of  chlorellin.  Various  meth- 
ods have  been  used  to  extract  the  active 
principle  from  the  cell-freed  culture  solu- 
tions, and  the  working  out  of  this  step  of 
the  process  has,  in  fact,  consumed  a  great 
deal  of  time.  The  most  satisfactory  results 
have  been  obtained  by  extraction  of  the 
solution  with  organic  solvents  or  by  means 
of  columnar  adsorption.  For  extraction 
with  organic  solvents,  benzene,  1,2-dichlo- 
roethane,  and  chloroform  have  proved  bet- 
ter than  any  other  solvents  tried,  and  of 
these  three  chloroform  is  the  best.  It  has 
been  found,  however,  that  certain  precau- 
tions must  be  taken  in  the  use  of  chloro- 
form as  an  extractant.  When  successive 
extractions  are  made  with  this  solvent, 
especially  in  a  continuous  extractor,  the 
chloroform  undergoes  decomposition,  re- 
sulting in  the  formation  of  a  small  amount 
of  material  which  itself  possesses  antibac- 
terial properties  and  which  accumulates 
with  the  extracted  chlorellin.  The  forma- 
tion of  this  material  from  the  chloroform 
is  variable  in  amount,  and  its  exact  chem- 
ical nature  and  the  conditions  which  favor 
its   formation   have   not   been   completely 
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determined.  It  is  possible,  however,  to 
avoid  the  formation  of  this  contaminant 
by  adding  i  per  cent  of  petroleum  ether 
to  the  chloroform  used  in  the  extraction 
process. 

The  adsorption  method  consists  essen- 
tially in  percolating  the  cell-freed  culture 
solution  through  a  column  of  "Florisil." 
For  this  purpose  30  cc.  of  acetic  acid  were 
added  to  each  15-liter  lot  of  culture  solu- 
tion, which  was  then  passed  through  a 
column  37  mm.  wide  and  about  400  mm. 
long  containing  200  grams  of  the  ad- 
sorbent. Thereby  the  major  portion  of  the 
inhibitory  substance  was  adsorbed.  It  was 
then  eluted  from  the  adsorbent  by  per- 
mitting ethanol  to  percolate  through  the 
column. 

The  chloroform  extraction  method  has 
the  advantage  of  readily  extracting  the 
inhibiting  material  from  the  aqueous  solu- 
tions, but  requires  considerable  time  (18 
hours  for  a  lot  of  15  liters)  and  entails  the 
use  of  relatively  large  amounts  of  chloro- 
form. The  adsorption  method,  on  the 
other  hand,  is  more  rapid,  15  liters  pass- 
ing through  a  single  column  in  about  4 
hours,  but  it  does  not  always  effect  com- 
plete removal  of  the  inhibitory  material. 
The  adsorbent  can  be  recovered  and  used 
again. 

From  the  solutions,  obtained  either  by 
means  of  chloroform  extraction  or  by 
means  of  columnar  adsorption,  the  solvents 
were  evaporated  at  55-60 °  C.  with  reduced 
pressure.  The  nonvolatile  residues,  con- 
sisting of  yellow  gums,  amounted  to  about 
0.1  g.  in  the  case  of  the  chloroform  extrac- 
tion method.  The  residues  obtained  from 
the  alcoholic  eluates  on  the  "Florisil"  col- 
umns were  extracted  with  ethanol,  the 
solutions  filtered,  and  the  solvent  evapo- 
rated. The  residual  gums  weighed  0.2  to 
0.3  g.  per  15  liters  of  culture  solution. 
Older  cultures  yield  larger  quantities  of 
nonvolatile  residues,  but  these  also  appar- 


ently contain  larger  quantities  of  material 
having  no  antibacterial  activity.  In  all 
probability  these  residues  are  composed 
of  mixtures  of  organic  compounds.  The 
antibacterial  substance,  or  substances,  con- 
tained therein  are,  however,  fairly  stable. 
Solutions  thereof  in  chloroform  may  be 
heated  for  18  hours  to  60 °  C.  without  loss 
of  activity,  nor  does  the  antibacterial  mate- 
rial seem  to  be  affected  by  mineral  acids. 
No  evidence  has  been  obtained  of  the 
deterioration  of  the  product  by  storage  in 
vacuo  for  a  month  and  more.  Precise  tests, 
however,  over  longer  periods  of  time,  and 
under  the  influence  of  other  factors,  have 
still  to  be  made. 

It  is  possible  that  the  Chlorella  cells 
themselves  may  prove  to  be  a  valuable 
source  of  the  antibacterial  substance.  Ac- 
tive material  has  in  fact  been  obtained 
from  this  source,  but  this  extraction  entails 
the  separation  of  relatively  large  quantities 
of  nonactive  organic  material,  and  as  yet 
no  simple  means  of  accomplishing  this 
has  been  found.  In  view  of  the  fact  that 
the  use  of  this  source  would  avoid  the 
handling  of  large  volumes  of  water,  in- 
volved in  the  extraction  of  the  culture  solu- 
tions, the  use  of  the  cells  probably  warrants 
further  study. 

Antibacterial  tests.  It  is  difficult  to  com- 
pare quantitatively  the  antibacterial  activity 
of  chlorellin  with  that  of  other  similar 
agents  which  have  been  more  highly  puri- 
fied and  the  potency  of  which  has  been 
more  rigorously  defined.  Besides  the  fact 
that  chlorellin  as  thus  far  obtained  consti- 
tutes a  mixture  of  organic  compounds, 
more  satisfactory  determination  of  potency 
depends  upon  more  exact  knowledge  of  its 
solubility,  diffusibility,  and  other  physical 
properties.  An  idea  of  the  activity  of  a 
typical  preparation  may  be  gained  from 
the  following:  From  15  liters  of  culture 
solution  there  were  obtained  by  the  adsorp- 
tion method  0.25  g.  of  crude  chlorellin. 
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This  quantity  was  dissolved  in  3  ml.  of 
67  per  cent  ethanol;  0.1  ml.  of  this  solution 
by  cup  test  (10  mm.  diameter,  16  hours  at 
300  C.)  against  Staph,  aureus,  strain  209, 
produced  a  ring  18  mm.  in  diameter. 
Material  prepared  by  the  method  of  con- 
tinuous extraction  of  the  culture  solution 
with  chloroform  (stabilized  with  petro- 
leum ether)  had  antibacterial  activity  of 
the  same  order  of  magnitude. 

Certain  strains  of  Staph,  aureus  are 
known  to  be  resistant  to  the  action  of 
penicillin.  Cultures  of  such  strains  were 
kindly  supplied  us  through  Dr.  Windsor 
Cutting,  of  the  Stanford  University  Med- 
ical School,  and  the  action  of  chlorellin 
was  tested  against  these  organisms.  With 
cups  10  mm.  in  diameter,  16  hours  at 
300  C,  chlorellin  (prepared  by  adsorp- 
tion) in  67  per  cent  ethanol  produced 
rings  of  inhibition  18-19  mm.  in  diameter 
with  the  penicillin-resistant  strains  of 
Staph,  aureus;  a  standard  penicillin  solu- 
tion effected  no  inhibition,  and  the  same 
chlorellin  solution  produced  rings  of  20 
mm.  with  Staph,  aureus,  strain  209. 

Through  the  cooperation  of  Dr.  Cutting, 


some  animal  tests  have  been  made  with 
chlorellin.  In  the  tests  which  have  been 
made  thus  far  with  mice,  no  evidences  of 
toxicity  have  been  observed  from  the  in- 
jection of  aqueous  or  ethanol  solutions  of 
chlorellin. 

Up  to  the  present  time  sufficient  chlo- 
rellin has  not  been  available,  and  this  has 
been  of  too  low  potency,  to  carry  out 
critical  tests  with  infected  animals.  In 
order  to  meet  the  requirements  for  animal 
experimentation,  it  is  clear  that  consider- 
ably more  work  will  be  required  to  effect 
the  purification  of  the  crude  chlorellin 
preparations  which  have  been  obtained 
thus  far.  This  must  be  done  with  a  view 
to  determining  something  of  the  chemical 
nature  of  the  active  substance. 

The  fact  cannot  be  disregarded  that 
many  bactericidal  and  bacteriostatic  sub- 
stances can  be  obtained  from  a  wide  variety 
of  plants.  Which  among  these  will  prove 
to  be  useful  chemotherapeutic  agents  can 
only  be  determined  upon  the  basis  of  care- 
ful study,  in  which  chemical,  biological, 
and  clinical  research  must  move  hand  in 
hand. 


EXPERIMENTAL  TAXONOMY 
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The  main  efforts  of  the  group  investigat- 
ing basic  laws  of  plant  relationship  are 
currently  being  given  to  the  synthesis  of 
new  grasses  suitable  for  western  ranges. 
The  western  range  has  been  rapidly  de- 
pleted in  modern  times,  and  the  present 
national  emergency  has  emphasized  again 
the  importance  of  this  primary  source  of 
food.  Past  studies  by  our  staff  on  natural 
species  have  yielded  background  informa- 
tion that  would  be  useful  in  such  a  breed- 
ing program,  and  it  was  desirable  to  sub- 
ject these  principles  to  practical  testing 
(Year  Book  No.  42,  pp.  97-99).  At  the 
same  time  it  was  realized  that  if  sound 


scientific  methods  were  followed  in  the 
breeding,  such  experiments  should  clarify 
certain  principles  in  ecological  genetics,  a 
relatively  new  field  of  importance  for  in- 
vestigations on  plant  relationships. 

This  program  was  undertaken  in  co- 
operation with  the  Pacific  Coast  Division 
of  the  Soil  Conservation  Service  of  the  U.  S. 
Department  of  Agriculture,  which  has  fur- 
nished most  of  the  original  breeding  stock 
from  its  nurseries  at  Pullman,  Washington, 
and  Pleasanton,  California.  These  stocks 
were  supplemented  by  strains  on  hand  and 
those  collected  along  our  station  transect. 
The   many   courtesies   received   from   the 
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Soil  Conservation  Service  have  proved  in- 
valuable. 

Supplementary  strains  of  grasses  have 
been  received  from  Dr.  G.  L.  Stebbins,  Jr., 
of  the  University  of  California  Agricultural 
Experiment  Station  at  Berkeley. 

Owing  to  a  late  start  in  1943,  it  was 
possible  to  perform  only  seven  different 
cross-pollinations  between  members  of  two 
sections  of  the  genus  Poa  in  that  year. 
The  resulting  seeds  were  sown  in  1944, 
and  among  the  3300  offspring  some  32 
hybrids  were  found,  or  nearly  1  per  cent 
of  the  total.  This  demonstrated  that  such 
intersectional  hybrids  could  be  made  in 
Poa,  a  point  which  had  been  debatable 
when  the  work  was  begun  with  this  genus. 

The  Depletion  of  the  Western  Range 

The  range  area  of  the  West,  as  out- 
lined by  the  U.  S.  Department  of  Agri- 
culture, comprises  nearly  40  per  cent  of 
the  total  land  area  of  the  United  States. 
This  vast  region  of  low  rainfall  and  often 
rough  topography  supports  mainly  native 
forage  plants  and  is  very  largely  unsuitable 
for  any  other  form  of  agriculture.  It  has 
undergone  serious  deterioration  through 
misuse  and  abuse.  The  Forest  Service  esti- 
mates that,  as  compared  with  its  virgin 
condition,  forage  depletion  of  the  entire 
range  area  averages  more  than  50  per  cent. 
As  of  1936,  some  17.3  million  animal  units 
were  being  grazed  on  ranges  which  it  was 
estimated  could  carry  only  10.8  million, 
and  this  compares  with  an  original  carrying 
capacity  of  22.5  million  units.  In  this  way 
we  have  seriously  depleted  one  of  our  most 
important  natural  resources,  and  the  de- 
mands of  the  war  are  certain  to  deteriorate 
it  further. 

Some  natural  resources,  such  as  petro- 
leum, cannot  be  replenished.  The  western 
range  is  one  resource  that  can  be  both 
utilized  and  by  proper  action  replenished, 


but  if  no  action  were  taken  to  save  it,  it 
would  become  largely  unreclaimable  desert. 
The  western  range  must  be  built  up 
again,  but  the  process  is  necessarily  a  very 
slow  one  even  under  careful  management. 
One  of  the  ways  in  which  to  improve  the 
range  is  to  preserve  and  propagate  the  best 
strains  of  grasses  now  occupying  it.  The 
Soil  Conservation  Service  is  working  in 
this  direction.  Another  way  is  to  combine 
some  of  the  best  native  species,  through 
hybridization,  to  form  fertile  constant  hy- 
brid derivatives  that  are  superior  to  their 
ancestors. 

Breeding  of  Range  Grasses 

It  is  strange  that  only  scattered  attempts 
have  been  made  at  breeding  forage  grasses, 
when  so  much  progress  has  been  made  in 
improving  cereals  and  sugar-producing 
grasses.  Although  the  keeping  of  live- 
stock is  one  of  the  earliest  forms  of  agri- 
culture, the  forage  grasses  have  remained 
much  as  they  were  when  man  found  them. 
There  is  no  reason  to  doubt  that  there  are 
extensive  opportunities  for  improvement  in 
these  forms. 

Plants  to  be  grown  on  the  range  must 
be  able  to  take  care  of  themselves  with  a 
minimum  of  management.  This  requires 
that  they  possess  the  characteristics  of  wild 
species  of  the  region.  Consequently,  the 
breeding  of  range  grasses  is  a  very  different 
undertaking  from  that  of  breeding  cereals, 
which  are  intensively  cultivated  crops. 

New  species  arise  from  old  ones  which 
furnish  the  building  materials.  But  natural 
species  are  characterized  by  intricately 
balanced  systems  of  genes  that  determine 
their  characteristics  and  development.  This 
balance  is  difficult  to  obtain,  and  it  is  usu- 
ally disturbed  when  two  species  inter- 
change their  genes  after  crossing.  Weak 
offspring  indicate  disturbed  development 
in  the  later  generations  of  such  crossings. 
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It  is  therefore  a  difficult  task  to  build  new 
species. 

Gene  interchange  is  avoided  in  those 
cases  in  which  distinct  species  form  con- 
stant, nonsegregating  hybrids.  Such  cross- 
ings make  it  possible  to  combine  the  de- 
sirable characteristics  of  two  species  and 
to  preserve  the  hybrid  vigor  that  is  so  char- 
acteristic of  many  first-generation  hybrids. 

Nonsegregating  hybrids  can  be  obtained 
in  two  ways.  One  of  these  is  through 
doubling  of  the  chromosomes  of  an  inter- 
specific hybrid  (amphiploidy).  This  re- 
quires that  the  parents  be  related  so  re- 
motely that  their  chromosomes  cannot  pair, 
yet  closely  enough  so  that  their  genes  work 
harmoniously  together — requirements  that 
have  been  generally  overlooked. 

Practically  nonsegregating  hybrids  can 
also  be  obtained  in  those  relatively  un- 
common groups  of  plants  that  usually  pro- 
duce seed  without  fertilization,  through 
facultative  apomixis.  The  hope  for  produc- 
tion of  hybrids  in  these  lies  in  the  fact  that 
a  small  percentage  of  their  offspring  is 
produced  sexually,  through  pollination  fol- 
lowed by  normal  fertilization.  These  sexu- 
ally produced  individuals  are  believed  to 
propagate  for  the  most  part  asexually 
again. 

The  nonsegregating  hybrid  is  important 
also  in  another  connection.  Hybrids  be- 
tween species  or  forms  that  are  fitted  to 
very  different  climates  often  are  able  to 
tolerate  greater  differences  in  environ- 
ment than  their  parents,  or  than  hybrids 
between  species  from  one  environment.  A 
nonsegregating  hybrid  is  needed  for  the 
proper  utilization  of  this  greater  adapt- 
ability, for  in  any  one  environment  the 
survival  would  be  poor  if  the  hybrid  segre- 
gated in  respect  to  its  ecologic  fitness. 

Range  grasses  are  needed  that  are  both 
vigorous  and  adaptable  to  a  series  of  en- 
vironments. Nonsegregating  hybrids  that 
combine  the  inheritances  of  remotely  re- 


lated species  from  very  different  climates 
might  be  expected  to  have  these  charac- 
teristics. 

At  its  Pullman  nursery  the  Soil  Conser- 
vation Service  gives  particular  attention  to 
two  groups  of  grasses  that  are  considered 
among  the  most  useful  for  the  western 
range,  both  as  feed  and  for  their  soil-hold- 
ing power.  These  are  (1)  the  bluegrasses 
of  the  genus  Poa,  and  (2)  the  wheat  grasses 
and  wild  rye  of  the  genera  Agropyron  and 
Elymus.  Both  of  these  groups  would  lend 
themselves  to  this  type  of  breeding.  The 
agriculturally  most  important  species  of 
Poa  are  partially  apomictic,  producing  seed 
without  fertilization.  The  Agropyron- 
Elymus  group  has  sexual  species,  but  some 
of  them  should  be  mature  for  evolution 
through  amphiploidy,  that  is,  chromosome 
doubling  following  interspecific  hybridiza- 
tion. Extensive  series  of  species  and  races 
of  these  three  genera  were  grown  in  the 
Carnegie  Institution  garden  at  Stanford 
University  during  1944  for  study  and  com- 
parison. 

The  successful  production  of  intersec- 
tional  hybrids  in  Poa  has  led  to  the  con- 
centration of  effort  on  that  genus  at  pres- 
ent. This  is  because  it  is  in  such  partially 
apomictic  groups  of  species  that  one  may 
most  reasonably  expect  to  obtain  definite 
improvements  within  the  period  of  a  few 
years. 

Taxonomy  and  Distribution  of  Poa 

The  genus  Poa  contains  about  100  spe- 
cies, natives  of  warm-temperate  to  arctic 
regions.  The  very  complex  relationships 
in  the  genus  as  a  whole  have  not  as  yet 
received  a  satisfactory  taxonomic  treat- 
ment. It  appears  that  the  genus  is  divisible 
into  several  natural  sections.  For  western 
needs,  the  species  of  most  promise  for 
breeding  are  contained  within  two  sec- 
tions.    One    of    these,    not    yet    formally 
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recognized,  contains  the  various  bunch- 
grass  species  of  western  North  and  South 
America.  The  other  contains  the  rhizome 
grasses  related  to  Poa  pratensis  L.,  and  is 
the  Pratenses. 

Among  the  forms  of  the  bunch-grass 
section  that  are  being  used  is  Poa  scabrella 
(Thurb.)  Benth.,  a  medium-tall,  rather 
early  grass  of  the  California  Coast  Ranges 
and  the  foothills  up  to  medium  altitudes 
in  the  Sierra  Nevada.  Related  ecotypes 
ascend  nearly  to  12,000  feet  altitude.  In 
the  drier  habitats  to  the  east  and  north,  to 
Washington  and  Montana,  is  Poa  secunda 
Presl,  the  Sandberg  bluegrass,  a  native  of 
both  North  and  South  America.  It  is  one 
of  the  first  species  to  flower  in  the  spring 
and  the  first  to  go  dormant.  Poa  ampla 
Merr.,  the  big  bluegrass,  centers  in  the 
Palouse  Prairie  of  eastern  Washington  and 
Oregon  and  contains  some  races  nearly  2 
meters  high.  It  avoids  the  moist  meadows 
and  flowers  late.  A  close  relative  is  Poa 
nevadensis  Vasey,  occurring  southward  in 
the  Great  Basin,  but  in  somewhat  the  same 
region,  although  usually  at  higher  eleva- 
tions and  in  moister  sites.  It  is  also  a  late- 
flowering  grass. 

The  most  important  species  of  the  rhi- 
zomatous  section  Pratenses  is  Poa  pratensis 
L.,  a  world-wide  species  known  in  America 
as  Kentucky  bluegrass.  Including  Poa  alpi- 
gena  (Fr.)  Lindm.  as  merely  a  northern 
subspecies  of  it,  this  grass  is  circumboreal 
and  circumpolar  in  distribution,  with  eco- 
types adapted  to  temperate  and  high  arctic 
latitudes,  lowland  and  alpine  altitudes,  and 
moist  meadow  to  dry  hillside  habitats. 
Although  it  is  commonly  believed  to 
have  been  introduced  into  America  from 
Europe,  it  behaves  like  a  native  in  the 
Sierra  Nevada  of  California,  where  it  oc- 
curs between  3000  and  6000  feet  on  the 
west  side  and  below  7500  feet  on  the  east 
side  of  the  range.  The  intervening  higher 
elevations  in  the  Sierra  Nevada,  between 


7000  and  12,000  feet,  are  occupied  by  the 
closely  related  Poa  nervosa  (Hook.)  Vasey, 
of  relatively  drier  habitats.  Another  prom- 
ising species  of  the  section  Pratenses  is  Poa 
arida  Vasey  of  the  Great  Plains.  The 
Canada  bluegrass,  Poa  compressa  L.,  is  a 
European  introduction  that  is  commonly 
cultivated  in  America  and  is  of  drier 
habitats. 

Biological   Characteristics   of   Poa   and 
Breeding  Technique 

Most  of  the  economically  important  spe- 
cies of  Poa  have  high  chromosome  num- 
bers and  many  unpaired  chromosomes,  as 
in  certain  interspecific  hybrids.  In  spite  of 
the  cytological  irregularity,  little  segrega- 
tion is  usually  observed  in  their  offspring, 
for  they  appear  to  reproduce  largely  by 
seed  obtained  without  fertilization,  al- 
though the  stimulus  of  pollination  is  neces- 
sary. Most  of  the  offspring  is  therefore 
the  exact  counterpart  of  the  parent. 

When  seed  is  occasionally  produced  by 
cross-fertilization,  it  yields  highly  variable 
offspring,  as  would  be  expected  if  hybrids 
were  crossed;  but  later  generations  are 
again  essentially  constant,  because  they 
arise  largely  asexually.  Each  interspecific 
hybrid  potentially  represents  a  new  form, 
or  even  a  new  species,  and  sister  plants  of 
the  first  generation  will  often  differ  con- 
siderably in  their  chromosome  number. 
For  practical  breeding  purposes  the  small 
percentage  of  sexually  produced  offspring 
that  will  appear  in  later  generations  can 
be  disregarded  as  of  almost  no  consequence 
in  affecting  the  characteristics  of  the  whole 
population.  Moreover,  natural  selection 
operates  to  preserve  only  the  superior 
forms.  Consequently,  in  Poa,  successful 
new  forms  can  be  selected  among  the  first- 
generation  hybrids.  This  advantage  very 
materially  shortens  the  period  ordinarily 
required  for  developing  new  forms. 
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In  species  like  those  of  Poa  that  normally 
produce  their  seed  without  fertilization, 
emasculation  is  of  little  use  in  the  crossing 
technique.  Also,  many  of  the  interspecific 
hybrids  obtained  will  doubtless  be  ge- 
netically and  physiologically  unbalanced, 
and  only  the  best  will  be  of  importance  in 
the  range-grass  program.  Consequently,  in 
order  to  produce  a  sufficient  number  of 
hybrids,  a  mass  pollination  technique  is 
employed  without  emasculation.  By  cross- 
ing members  of  distinct  sections  of  Poa 
that  differ  in  many  characters,  it  is  possible 
to  recognize  most  of  the  hybrids  in  the 
seedling  stage  in  the  greenhouse,  thereby 
avoiding  the  task  of  transferring  the  high 
percentage  of  maternal-type  plants  to  the 
garden.  Also,  the  remotely  related  inter- 
sectional  hybrids  are  the  most  promising 
for  producing  nonsegregating,  asexually 
propagated  new  species. 

A  set  of  1 6  large  pollen-tight  tent  cages 
was  built  for  outdoor  pollination.  Vigor- 
ous plants  intended  for  crossing  are  grown 
in  8-inch  pots,  where  as  many  as  ioo  in- 
florescences may  develop.  Two  plants  that 
are  to  be  mutually  pollinated  are  placed 
in  a  cage  and  the  pots  are  sunk  in  the 
ground.  Pollen  of  each  plant  is  collected 
daily  in  parchment  bags  placed  over  the 
inflorescences  in  the  late  afternoon.  In  the 
morning  the  pollen  is  shaken  into  the 
bags,  which  are  then  exchanged  between 
plants  and  shaken  vigorously  to  insure 
concentrated  cross-pollination  of  the  florets 
within. 

The  species  and  races  differ  markedly 
as  to  the  time  when  they  start  flowering 
under  uniform  garden  conditions.  At 
Stanford  the  earliest  begin  in  late  Febru- 
ary and  the  latest  in  early  June.  Any  one 
form  flowers  over  a  period  of  approxi- 
mately three  weeks.  It  will  therefore  re- 
quire special  treatment  to  bring  certain 
forms  into  flowering  at  the  same  time. 


Periodicity  and  Disease  Resistance 

Information  is  being  systematically  gath- 
ered on  the  periodicity  of  growth  and  the 
resistance  to  disease  of  the  races  and  species 
as  grown  at  Stanford.  This  will  aid  in 
planning  additional  crossings. 

Great  differences  in  periodicity  are  ap- 
parent. In  the  gardens  at  Stanford  the 
western  bunch  grasses  tend  to  be  very 
active  through  the  winter  and  spring 
months,  but  they  go  dormant  during  the 
summer.  The  winter  activity  is  striking 
in  the  big  bluegrass,  Poa  ampla,  from 
eastern  Oregon  and  Washington,  and  in 
Poa  scabrella  from  the  California  Coast 
Ranges.  Although  ampla  comes  from  the 
north,  some  of  its  races  develop  in  the 
garden  during  February  extremely  vigor- 
ous dense  rosettes  of  leaves  up  to  45  cm. 
high.  The  leaves  dry  up  when  flowering 
starts,  and  both  ampla  and  scabrella  go 
dormant  at  the  approach  of  the  dry  season, 
ampla  remaining  green  the  longer.  Their 
forms  from  higher  elevations,  however, 
tend  to  go  dormant  during  the  winter. 
Poa  secunda  from  the  dry  ranges  east  of 
the  Cascades  and  the  Sierra  Nevada  has 
the  most  rigid  periodicity.  Even  the  young 
seedlings  go  completely  dormant  in  May 
without  having  flowered,  irrespective  of 
the  amount  of  soil  moisture. 

Among  the  species  of  Poa  with  rhizomes, 
pratensis  and  arid  a  tend  to  go  dormant 
during  the  winter  at  Stanford,  but  they 
renew  their  activity  in  late  February,  de- 
veloping a  spring  crop  of  short  leaves,  and 
flowering  follows  some  time  later.  Unlike 
the  bunch  grasses,  however,  they  do  not 
go  dormant  after  flowering,  but  develop 
a  summer  crop  of  very  long  leaves,  a  char- 
acteristic that  it  would  be  desirable  to  com- 
bine with  the  winter  growth  habit  of  the 
bunch  grasses.  Poa  nervosa,  from  the  high 
Sierra  Nevada,  has  a  very  unusual  behavior 
for   an   alpine   species,   since   it   flourishes 
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under  the  lowland  conditions,  remaining 
green  all  winter  and  developing  many  tall 
culms  in  the  spring,  but,  unlike  pratensis, 
going  dormant  during  the  summer.  Only 
one  other  alpine  species  has  thus  far  shown 
this  kind  of  reaction  pattern  with  us, 
namely,  Potentilla  Drummondii  Lehm. 

The  development  of  many  diseases  is 
favored  by  the  long  growth  period  and 
mild  climate  at  Stanford,  hence  the  gar- 
dens here  are  a  favorable  place  for  testing 
disease  resistance.  Races  native  to  higher 
altitudes  and  latitudes  usually  become 
badly  attacked  by  rusts  and  mildew  here, 
whereas  forms  native  to  the  California 
Coast  Ranges  are  relatively  resistant. 
Outstandingly  resistant  forms,  however, 
have  been  found  among  races  native  to 
high  altitudes,  and  two  completely  resist- 
ant forms  of  pratensis  originated  in  high 
latitudes.  Although  it  is  realized  that 
many  forms  which  are  weak  and  sus- 
ceptible to  disease  in  the  gardens  at 
Stanford  may  be  healthy  in  another  en- 
vironment, the  most  disease-resistant  forms 
have  been  almost  exclusively  used  for  the 
crossings. 

Cytology  of  Poa 

Miss  Marguerite  Hartung  has  been  in- 
vestigating the  chromosomal  situation  in 
the  species  and  hybrids  of  Poa.  This  genus 
presents  technical  difficulties  for  chromo- 
somal investigations.  On  account  of  the 
many  unpaired  chromosomes  and  their 
irregular  behavior,  it  is  impossible  to  count 
the  chromosomes  when  the  sex  cells  are 
formed  in  the  flower  buds.  Furthermore, 
in  the  economically  important  species  the 
chromosome  numbers  are  very  high,  a 
fact  which  increases  the  difficulty  of  ob- 
taining quick,  accurate  counts.  A  satis- 
factory technique  has  now  been  found  for 
the  preparation  of  root  tips  so  that  the 
chromosomes   can   be   counted   with   fair 


certainty.      The     following     chromosome 
numbers  have  been  determined : 

Bunch-grass  species: 

Poa  ampla  Merr.,  12  races.  .  .2.11  =  ca.  63 
Poa  nevadensis  Vasey,  7  races  ca.  63 

Same,   1   race ca.  70 

Poa  scabrella  (Thurb.)  Benth., 

5  races   ca.84 

Poa  Canbyi  (Scribn.)  Piper, 

6  races   ca.  84 

Poa  secunda  Presl,  3  races ...  ca.  84 

Poa  Canbyi  X  ampla,  natural 

hybrid  (?)    ca.  SS 

Poa  longifolia  Rich.,  Armenia  43 

Rhizome  species: 

Poa  pratensis  L.,  Sierra  Ne- 
vada, 4  races 2n~ca.  68—70 

Same,    N.    Saskatchewan    or 

Alberta     ' .  70 

Same,  Lapland  ca.  74 

Poa  nervosa  (Hook.)  Vasey, 

3  races   ca.  63 

Poa  arida  Vasey,  Nebraska.  .  63 

Poa  compressa  L.,  Chorsum, 

Asia   Minor    50 

The  chromosome  numbers  follow  an 
arithmetical  series  with  7  as  the  basic  num- 
ber. Several  European  species  of  Poa  have 
just  7  pairs  of  chromosomes.  It  appears, 
however,  that  slight  deviations  from  the 
regular  multiples  occur.  In  Poa  ampla, 
for  example,  forms  with  62  and  64  chromo- 
somes have  been  determined  with  reason- 
able certainty  in  addition  to  those  with  63. 
The  deviations  from  the  straight  multiples 
of  7,  however,  are  slight. 

Plants  belonging  to  one  systematic  unit 
appear  to  have  approximately  the  same 
number  of  chromosomes.  In  this  respect 
the  situation  differs  from  that  found  in 
Potentilla  gracilis  Dougl.  ex  Hook.,  an- 
other species  complex  with  asexual  propa- 
gation, which  was  investigated  during  the 
transplant  experiments  (Year  Book  No. 
38,  p.  124).  In  this  species  the  chromosome 
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number  was  found  to  vary  even  within  the 
local  population. 

Unbalanced,  or  uneven,  sets  of  chromo- 
somes occur  in  these  bluegrasses,  for  Poa 
ampla,  nevadensis,  nervosa,  and  arida  have 
approximately  9  sets  of  7  chromosomes 
each  (272  =  63),  and  the  compressa  form 
investigated  had  approximately  7  sets  (2/2 
=  49  +  1).  Obviously,  the  chromosomes 
in  such  forms  will  be  unable  to  pair  regu- 
larly. The  relative  chromosomal  uniform- 
ity within  systematic  units  so  constituted 
cytologically  is  good  evidence  that  these 
species  propagate  primarily  by  asexual 
means. 

Groups  of  plants  that  are  propagated 
only  partially  by  asexual  means  are  so 
mixed  up  through  hybridization  that  spe- 
cies in  them  comparable  to  those  found  in 
sexual  plants  do  not  exist.  Consequently, 
classification  in  such  groups  must  be  rather 
arbitrary  and  follow  practical  considera- 
tions. The  systematic  units  of  the  western 
American  bunch-grass  Poas  listed  above 
are  based  mainly  on  their  ecology  and  their 
reactions  under  cultivation,  but  as  to  chro- 
mosome number  they  fall  into  two  major 
groups,  namely,  those  with  63  and  those 
with  84  chromosomes,  which  correspond 
to  the  "sections"  Nevadenses  and  Scabrellae 
of  Hitchcock's  treatment.  By  no  one  set  of 
morphological  characters  can  the  system- 
atic units  unfailingly  be  recognized,  al- 
though the  extreme  forms  of  neighboring 
units  stand  out  distinctly.  In  spite  of  this 
difficulty,  there  is  no  doubt  but  that  the 
forms  referred  to  in  the  chromosome  list 
are  all  very  good  biological  units. 

Poa  longifolia  probably  propagates  sexu- 
ally, for  the  plant  investigated  had  21  pairs 
and  1  single  chromosome,  easily  counted 
in  meiosis.  This  very  vigorous  species  is 
morphologically  closely  related  to  the  Euro- 
pean P.  Chaixii  Vill.,  which  is  reported  to 
have  only  7  pairs  of  chromosomes. 


Hybridization  of  Poa 

The  following  objectives  guided  the 
selection  of  plants  for  crossing:  (1)  to 
combine  members  of  distinct  sections  in 
order  to  insure  hybrid  vigor  and  easy 
recognition  of  the  hybrids;  (2)  to  combine 
plants  native  to  different  climates  in  order 
to  obtain  a  greater  climatic  tolerance;  (3) 
to  combine  the  drought  resistance  of  the 
bunch  grass  with  the  greater  soil-holding 
capacity  of  the  rhizome  grass,  and  to  utilize 
the  better  storage  facilities  of  the  rhizome 
grass  as  an  additional  protection  against 
overgrazing  and  fire;  (4)  to  lengthen  the 
season  of  use  by  combining  winter-  and 
spring-active  bunch  grasses  with  summer- 
active  rhizome  grasses;  and  (5)  to  breed 
for  disease-resistant  forms.  It  is  most  fortu- 
nate that  the  desirable  characteristics  of 
Poa  are  so  distributed  among  its  species 
that  in  most  crossings  it  is  possible  to  aim 
for  all  these  objectives  at  once. 

The  scope  of  the  crossings  can  best  be 
illustrated  through  examples.  At  least  four 
hybrid  combinations  were  successful,  as 
follows : 

Poa  ampla,  SE.  Washington,  in  =  64,  X 
pratensis  alpigena,  Lapland,  in  —  74,  9 
hybrids. 

P.  ampla,  SE.  Washington,  in  =  63,  X  com- 
pressa, Asia  Minor,  in  =  50,  12  hybrids. 

P.  pratensis  alpigena,  Lapland,  in  =  ca.  74, 
X  Canbyi,  Blue  Mts.,  Washington,  2/2  = 
84,  8  hybrids. 

P.  Canbyi,  Blue  Mts.,  in  =  84,  X  pratensis, 
W.  Canada,  in  =  ca.  74,  2  hybrids. 

The  alpigena  form  of  Poa  pratensis  from 
Lapland  was  used  frequently  in  the  1943 
crossings,  because  it  was  the  only  form  of 
the  species  in  bloom  with  most  of  the 
bunch-grass  Poas.  It  flowers  continuously 
for  about  three  months  under  California 
conditions,  but  does  not  grow  so  tall  as 
in  its  native  home  about  2°  north  of  the 
Arctic  Circle.  Unlike  most  subarctic  plants, 
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however,  it  thrives  and  flowers  without 
special  attention  300  farther  south  at  Stan- 
ford, under  conditions  extremely  unlike 
those  of  its  native  wet  meadows.  It  proves 
to  be  both  drought-resistant  and  disease- 
free  at  Stanford.  The  hybrids  between 
it  and  the  giant  form  of  Poa  ampla  com- 
bine several  desirable  characteristics  from 
outstanding  parents  native  to  very  different 
climates. 

Another  promising  combination  unites 
the  same  6-foot  strain  of  Poa  ampla  and  a 
much  smaller  but  drought-  and  disease- 
resistant  rhizome  grass,  Poa  compressa, 
from  the  Mediterranean  slopes  of  Asia 
Minor. 

The  best  pratensis  form  on  hand  is  the 
"Delta"  strain,  a  selection  made  by  Dr. 
L.  E.  Kirk  of  a  plant  from  western  Canada, 
probably  the  Athabasca  region.  This 
strain  is  very  vigorous  and  productive  at 
Stanford,  where  it  is  free  from  disease,  but 
it  flowers  so  early  that  it  is  difficult  to  cross 
with  the  bunch  grasses.  Only  two  hybrids 
have  been  obtained  between  it  and  a  form 
of  Poa  Canbyi  from  the  Blue  Mountains 
of  southeastern  Washington. 

During  1943  the  choice  of  plants  for 
crossing  was  very  limited,  and  true  mass 
pollination  was  approached  in  only  one 
cross.  In  the  spring  of  1944,  however,  the 
desired  parents  were  in  excellent  condi- 
tion, so  that  mass  pollinations  were  made 
in  twenty-four  additional  combinations 
during  the  period  from  March  through 
June.  This  seed  will  be  sown  in  1945. 

When  the  rare  functional  sex  cells  are 
formed  in  these  species,  the  unpaired  chro- 
mosomes are  distributed  irregularly  to 
them.  Consequently,  the  hybrids  of  any 
one  combination  will  usually  differ  both 
in  chromosome  number  and  in  appearance. 
Giant  pollen,  presumably  containing  the 
unreduced  number  of  chromosomes,  has 
also  been  observed. 

Because  of  this  situation,  not  only  sister 


hybrids,  but  also  the  corresponding  non- 
hybrids  produced  sexually  will  show  dis- 
tinct variations  in  their  chromosome  num- 
bers. The  following  two  series  illustrate 
this: 

Poa  ampla  X  pratensis  alpigenaYx\  in  =  63, 

68,  68,  70,  72,  and  92. 
Same,  but  nonhybrid  sexuals:    in  =  60,  61, 

62,  66,  70,  88,  92,  and  93. 
Poa  ampla  X  compressa  Fx:   in  =  50,  57,  60, 

70,  82,  86,  91,  99,  and  100. 
Same,  but  nonhybrid  sexuals:    in  =  54,  60, 

68,  83,  92,  and  139. 

The  above  chromosomal  situation  ex- 
plains the  very  noticeable  morphological 
variation  found  in  these  hybrids.  Those 
with  about  90-100  chromosomes  are  ap- 
proximately triploid,  and  are  evidently 
produced  by  the  combination  of  two 
genomes  of  ampla  (a  diploid  gamete)  and 
one  genome  of  the  pollen,  parents.  In  this 
manner,  hybrids  that  have  various  propor- 
tions of  chromosome  sets  of  the  parental 
species  can  be  obtained. 

The  rather  small  percentage  of  non- 
hybrid  sexually  produced  individuals  arose 
from  self-pollination.  They  differ  not  only 
in  chromosome  number  but  in  appearance 
from  each  other  and  from  their  parent, 
and  they  are  usually  weaker  than  the  nu- 
merous sister  plants  that  arise  asexually. 

When  one  attempts  to  produce  new  hy- 
brids that  propagate  in  part  asexually,  it  is 
important  to  know  how  constant  such 
forms  must  be  in  order  to  become  estab- 
lished as  a  natural  unit.  A  fair  standard 
should  be  provided  by  the  existing  wild 
forms  of  the  group.  It  is  shown  above 
that  they  produce  some  aberrant  offspring 
with  highly  deviating  chromosome  num- 
bers. For  this  reason  it  is  desirable  to  know 
what  proportion  of  their  seed  develop, 
germinate,  and  produce  maternal-type 
plants.  Two  examples  will  illustrate  the 
trend. 
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The  giant  Poa  ampla  referred  to  above 
is  a  rather  highly  constant  type,  in  which 
approximately  91  per  cent  of  the  seedlings 
were  of  the  vigorous  maternal  type,  but 
so  many  seed  failed  to  develop  or  germi- 
nate that  these  maternals  represented  only 
some  24  per  cent  of  the  original  possibili- 
ties. About  5400  seeds  were  harvested  from 
13  inflorescences  of  ampla  pollinated  by 
compressa,  but  2500  of  these  were  aborted, 
and  of  the  remaining  2900  only  1473  germi- 
nated. These  produced  1311  very  vigorous 
maternals,  9  hybrids,  and  146  more  or  less 
weak  aberrants,  and  only  7  of  them  died 
after  germination.  Despite  the  losses,  this 
plant  produced  some  100  plants  of  maternal 
type  per  inflorescence. 

The  other  extreme  is  represented  by  Poa 
pratensis  alpigena,  in  which  the  offspring 
is  highly  variable,  and  only  some  30  per 
cent  of  the  seedlings  are  of  the  vigorous 
maternal  type.  In  this  case,  however,  there 
is  much  less  loss  through  poor  seed  and 
poor  germination,  so  the  net  result  is  about 
the  same  as  in  ampla,  with  about  20  per 
cent  of  the  original  possibilities  resulting 
in  maternals.  The  others  are  weak  indi- 
viduals that  are  promptly  crowded  out  by 
the  competition.  With  much  smaller  pan- 
icles than  ampla,  the  alpigena  form  was 
able  to  produce  about  30  strong  maternals 
per  inflorescence. 

A  principal  difference  between  ampla 
and  alpigena  is  therefore  that  in  ampla  the 
elimination  of  unfit  combinations  produced 
sexually  takes  place  even  before  germina- 
tion, whereas  in  alpigena  many  of  these 
germinate  but  are  unsuccessful  in  competi- 
tion. In  both  cases  it  is  the  maternal-type 
plants,  produced  asexually,  that  do  succeed. 
One  task  in  the  breeding  program  is  there- 
fore to  select  vigorous  hybrids  whose  asexu- 
ally produced  offspring  are  sufficiently 
abundant  and  vigorous  to  outgrow  those 
offspring  produced  by  sexual  means. 


Testing  of  Poa  Hybrids 

The  three  altitudinally  distinct  transplant 
stations  of  the  Division  are  important  assets 
in  the  grass  program.  They  represent  dif- 
ferences in  climate  ranging  from  warm 
temperate  to  arctic-alpine.  Moreover,  large 
numbers  of  species  from  many  environ- 
ments have  already  been  grown  there  to 
calibrate  the  station  climates,  for  plants 
native  to  various  climatic  zones  have  shown 
distinct  reaction  patterns  there.  It  should 
therefore  be  possible  to  gauge  roughly  the 
potentialities  of  a  new  constant  hybrid  by 
growing  parts  of  it  simultaneously  at  the 
three  stations  and  noting  the  reactions. 
Some  of  the  most  important  parental 
strains  have  already  been  planted  there 
this  year,  and,  transportation  permitting, 
some  of  the  hybrids  will  follow  in  1945. 
These  preliminary  tests  should  determine 
the  approximate  climatic  region  for  which 
the  form  is  fitted,  but  the  final  field  tests 
are  to  be  made  by  the  Soil  Conservation 
Service.  A  comparison  of  the  reactions  and 
tolerances  of  the  hybrids  and  their  parents 
is  expected  to  yield  basic  information 
needed  for  the  formulation  of  certain  fun- 
damentals in  ecological  genetics.  Poa  offers 
exceptional  advantages  for  a  broad-scale 
testing  of  these  principles,  where  scientific 
exploration  and  practical  application  may 
go  hand  in  hand. 

Physiology  of  Climatic  Races  of 
Achillea 

It  may  now  be  considered  well  estab- 
lished that  climatic  races,  or  ecotypes,  are 
basic  in  the  pattern  of  plant  life.  Numer- 
ous experiments  with  ecotypes  of  Poten- 
tilla,  Zausehneria,  and  species  of  the  Ma- 
diinae  reported  in  previous  Year  Books 
have  shown  that  both  their  morphological 
and  their  physiological  characteristics  are 
determined  by  genes,  and  that  the  gene 
balances    are    rather    intricate.     Little    is 
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known,  however,  as  to  how  such  physio- 
logic differences  operate.  The  war  forced 
the  suspension  of  investigations  that  had 
been  designed  to  explore  the  functional 
differences  between  related  climatic  races 
(Year  Book  No.  41,  pp.  132-134). 

An  opportunity  to  study  the  growth  of 
climatic  races  under  controlled  conditions 
was  afforded  through  the  kind  invitation 
of  Dr.  F.  W.  Went,  of  the  California 
Institute  of  Technology,  who  offered  the 
use  of  space  in  the  laboratories  and  con- 
trolled greenhouses  at  Pasadena  for  this 
purpose.  These  greenhouses  are  well 
adapted  for  a  study  of  the  effect  of  differ- 
ences in  temperature  and  light.  A  descrip- 
tion of  them  has  been  published  by  Dr. 
Went  (Amer.  Jour.  Bot.,  vol.  30,  pp.  157- 
163,  1943).  Following  this  invitation,  Dr. 
Hiesey  spent  January  to  May  1944  at  Pasa- 
dena in  an  investigation  designed  to  ex- 
plore the  physiological  differences  between 
climatic  races  by  comparing  their  growth 
under  various  known  sets  of  conditions. 

Plants  of  the  Achillea  millefolium  com- 
plex were  used  for  this  study.  Possibly  no 
other  group  of  plants  has  developed  so 
complete  a  series  of  ecotypes  for  altitudes 
between  sea  level  and  12,000  feet,  and  for 
latitudes  from  warm  temperate  to  arctic 
(Year  Book  No.  41,  pp.  127-132).  Also, 
these  plants  offer  certain  practical  advan- 
tages in  experimentation  because  of  their 
ease  of  propagation,  both  vegetatively  and 
by  seed. 

Individuals  of  thirteen  distinct  races  were 
propagated  from  a  uniform  plot  at  Stan- 
ford and  taken  to  Pasadena.  These  were 
typical  representatives  of  each  climatic 
race  from  the  transplant  station  transect 
across  California  at  38  °  north  latitude,  at 
elevations  from  sea  level  to  10,000  feet,  and 
of  races  from  Alaska,  Denmark,  and  Lap- 
land. Each  individual  was  divided  into 
a  number  of  ramets  for  simultaneous  study 
in  a  number  of  controlled  environments, 


in  order  to  insure  the  genetic  identity  of 
each  race  compared.  The  plants  were 
potted  in  sand,  watered  daily  with  nutrient 
solution,  and  placed  under  various  sets  of 
day  and  night  temperatures. 

During  the  four-month  period  of  the 
experiment  marked  differences  in  reaction 
of  the  ecotypes  were  observed.  Two  races 
from  the  cool  fog  belt  of  the  California 
coast  (from  near  Bodega,  Sonoma  County, 
and  San  Gregorio,  San  Mateo  County) 
developed  poorly  when  grown  at  a  con- 
stant day  and  night  temperature  of  26  °  C, 
whereas  a  form  from  Selma,  in  the  hot 
San  Joaquin  Valley,  flourished  and  freely 
flowered.  All  three  of  these  races  grew 
vigorously  and  produced  many  flowering 
stems  under  a  day  temperature  of  170  C. 
and  a  night  temperature  of  13 °,  but  when 
the  night  temperature  was  cooled  to  70, 
the  growth  of  the  Selma  race  was  greatly 
inhibited,  although  the  coastal  races  grew 
almost  as  rapidly  and  flowered  as  freely 
as  at  13  °.  From  these  and  other  experi- 
ments it  is  clear  that  at  the  higher  tempera- 
tures growth  of  the  Selma  race  is  favored 
over  that  of  the  coastal  races,  whereas  the 
coastal  races  exceed  the  one  from  Selma 
under  the  cooler  conditions. 

The  pattern  of  reaction  in  a  mid-Sierran 
race  from  Mather,  at  4500  feet  elevation, 
differed  from  that  observed  in  either  the 
coastal  races  or  the  Selma  race,  for  in  this 
ecotype  excellent  growth  and  flowering 
took  place  at  a  day  temperature  of  260  and 
with  a  cold  night  of  70 — conditions  under 
which  neither  the  coastal  nor  the  Selma 
races  grew  nearly  as  rapidly.  This  result 
is  consistent  with  the  fact  that  the  summer 
growing  conditions  at  Mather  are  charac- 
terized by  clear,  hot  days  and  cold  nights. 

Under  the  intermediate  condition,  repre- 
sented by  a  17  °  day  and  a  13  °  night,  the 
coastal,  Selma,  and  Mather  races  all  thrive, 
apparently  because  in  this  environment  all 
are   within   their   ranges   of  physiological 
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tolerance.  In  the  extreme  environments, 
the  greatest  differences  in  reaction  are  seen. 
Thus  the  mode  of  operation  of  natural 
selection  in  the  wild  begins  to  become 
evident. 

Races  from  high  altitudes  in  the  Sierra 
Nevada  reacted  very  differently  from  those 
of  lower  elevations,  indicating  distinctive 
physiological  characteristics.  Alpine  and 
subalpine  races  from  10,000  and  8200  feet 
elevation  remained  dormant  throughout 
the  four-month  period  at  170  day  and  70 
night  temperatures,  in  marked  contrast 
with  the  behavior  of  the  coastal  forms, 
which  grew  vigorously  and  flowered.  They 
did  become  active,  however,  when  the  day 
temperature  was  26 °  and  the  night  70,  in- 
dicating that  the  critical  day  temperature 
for  the  interruption  of  dormancy  in  these 
high-altitude  races  is  somewhere  between 
17°  and  260.  This  would  point  to  the 
existence  in  the  alpines  of  a  sensitive 
physiological  mechanism  governing  dor- 
mancy, that  is  determined  by  temperature. 

In  order  to  flower,  alpine  and  subalpine 
races  appear  to  require  more  light  than 
the  races  from  lower  altitudes,  which 
would  flower  even  with  an  8-hour  day. 
None  of  the  plants  from  high  altitudes 
flowered  or  even  thrived  under  such  short 
periods  of  illumination,  but  their  growth 
was  greatly  accelerated  and  flowering 
stimulated  in  natural  daylight  for  8  hours 
at  260,  supplemented  by  fluorescent  light 
of  450  candle-power  intensity  for  the  re- 
maining 16  hours  at  170.  Under  these 
conditions  the  acceleration  of  growth  was 
noted  also  in  races  from  lower  altitudes, 
but  the  increase  of  vigor,  and  especially 
the  stimulus  to  flowering,  was  relatively 
much  greater  in  the  alpine  and  subalpine 
forms.  In  their  native  high-altitude  envi- 
ronments of  high  light  intensity,  these  races 
flower  when  the  days  are  long,  whereas 
the    plants    from    lower    altitudes    flower 


earlier,  when  the  days  are  somewhat 
shorter. 

Forms  from  northern  latitudes,  including 
a  coastal  race  of  Achillea  borealis  from 
Seward,  Alaska,  at  55  °  north  latitude,  and 
a  continental  race  of  A.  millefolium  from 
Lapland,  north  of  the  Arctic  Circle  at  68° 
north  latitude,  differed  from  the  California 
forms  in  showing  much  less  marked  reac- 
tions to  changes  in  temperature.  The  gen- 
eral health  and  vigor  of  these  plants  was 
excellent  under  all  the  temperatures,  even 
at  a  constant  day  and  night  temperature 
of  260  C.  Their  general  vigor  and  less 
marked  reactions  to  different  temperature 
treatments  indicate  a  very  wide  range  of 
physiological  tolerance,  which  is  in  accord 
with  the  observation  that  they,  unlike 
many  other  species  from  northern  latitudes, 
thrive  in  the  California  transplant  gardens 
far  south  of  their  native  habitats. 

These  exploratory  investigations,  only 
partially  outlined  above,  have  thrown  new 
light  on  the  nature  of  ecotypes  and  the 
processes  of  natural  selection.  They  have 
demonstrated  the  value  of  growing  climatic 
races  under  controlled  conditions  as  a  step 
toward  analyzing  their  physiological  dif- 
ferences. This  method,  if  applied  to  the 
grass-breeding  program,  could  determine 
more  exactly  the  physiological  tolerance 
of  the  hybrids  as  compared  with  their 
parents,  and  suggest  the  kind  of  climates 
for  which  they  might  be  fitted.  An  inter- 
pretive report  on  these  controlled-environ- 
ment  studies,  together  with  an  analysis  of 
the  results  from  growing  many  populations 
of  many  ecotypes  of  Achillea  at  the  three 
transplant  stations,  is  now  in  the  course 
of  preparation. 

Other  Investigations 

The  monographic  study  on  the  evolu- 
tionary significance  of  amphiploidy  and 
autoploidy  discussed  in  the  last  Year  Book 
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is  now  appearing  as  Publication  564  of  the  each  with  14  pairs  of  chromosomes  (Year 

Institution.  Book  No.  36,  pp.  210-21 1).    Progress  has 

The  need  for  giving  the  grass-breeding  also  been  made  in  preparing  the  chromo- 

program   a    sound   start   has   temporarily  somal   illustrations   for    the   Layia   publi- 

withdrawn  much  of  the  attention  that  was  cation. 

being  given  the  other  programs  in  prog-  The  genetic   basis   of   ecotypes.    Large 

ress.    The   following   advances,   however,  populations  of  Potentilla  glandulosa,  which 

should  be  mentioned.  take   about   three   years   to   mature,   have 

The  Madiinae.   The  experimental  work  been  genetically  analyzed  and  tabulated  in 

on  this  group  of  some  85  species  is  now  the  gardens  at  Stanford.    These  included 

essentially    complete    and    awaiting    the  24  populations  from  the  wild,  representing 

preparation  of  final  reports.    During  the  samplings  of  the  climatic  races  from  1000- 

past  year  three  F2  hybrid  populations  were  foot  intervals  from  sea  level  to  11,000  feet 

grown,  involving  some  1600  plants.  These  along   the   central   California   transect,   as 

cultures  were  within  the  species  complex  well  as  many  F3  populations  from  a  cross 

of  Hemizonia  congesta  DC,  of  the  sec-  between  the  foothill  and  alpine  ecotypes. 

tion  Euhemizonia.  They  complete  the  ex-  The  F2  parents  of  these  were  among  the 

perimental   work   within   that   section  by  plants  studied  in  the  selection  experiment 

determining  the  status  of  Hemizonia  mul-  (Year   Book   No.   39,   pp.    162-163),   anc^ 

ticaulis  Hook,  et  Arn.,  a  species  unrecog-  their  reactions  are  therefore  known.  Also, 

nized  in  the  California  flora  since  its  pub-  a  large  F2  population  was  analyzed  of  a 

lication  in  1838.   Examination  of  the  type,  cross   between   the   coastal   ecotype   from 

borrowed  from  Kew,  which  was  collected  near  Santa  Barbara  and  a  high-alpine  eco- 

in  California  by  Douglas  in  1831  or  1832,  type  from  11,000  feet  in  the  Sierra  Nevada. 

showed  that  this  was  identical  with  the  These    populations     totaled     about    6000 

extreme  coastal  form  with  yellow  flowers  plants. 

found  north  of  San  Francisco  Bay.  It  had  First-generation  hybrids  between  alpine 
usually  been  referred  to  the  somewhat  and  lowland  forms  of  this  species  are  con- 
more  inland  yellow-flowered  form  first  siderably  more  vigorous  than  either  parent, 
described  as  H.  luzulaefolia  var.  lutescens  and  unlike  the  latter  they  survive  well  at 
Greene,  and  in  spite  of  many  morphological  all  three  transplant  stations,  a  fact  which 
and  reactional  differences  between  the  two,  indicates  their  greater  ecological  tolerance, 
the  first  inclination  was  to  consider  them  The  analyses  of  the  F2  and  F3  populations 
as  ecotypes  of  one  species.  But  the  genetic  indicate  that  several  genes  are  responsible 
experiments  disclosed  that  although  the  for  each  of  the  many  morphological  and 
first-generation  hybrid  was  vigorous  and  physiological  characteristics  that  distin- 
fairly  fertile,  the  second  generation  was  guish  the  ecotypes,  that  there  is  consider- 
much  inferior,  with  only  a  small  per-  able  linkage  between  the  many  genes  of 
centage  of  the  plants  approaching  the  these  ecotypes  which  have  only  7  pairs  of 
parental  types  in  vigor.  This  indication  chromosomes,  and  that  the  very  important 
of  distinct  genetic  barriers  between  the  reactional  characteristics  that  adapt  the 
two  forms,  preventing  free  interbreeding,  ecotypes  to  their  habitats  segregate  like 
means  that  H.  multicaulis  is  a  maritime,  the  morphological  ones,  to  which  they  are 
and  lutescens  an  inland,  ecospecies.  Both  often  linked,  indicating  a  gene  basis  for 
belong  to  the  cenospecies  H.  congesta,  both, 
which  contains  now  in  all  seven  ecospecies,  Although    the    genetic    differences    are 
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highly  complex  between  these  extreme 
climatic  ecotypes,  nevertheless  their  genes 
are  completely  interchangeable.  All  sorts 
of  recombinations  of  the  parental  charac- 
ters were  observed  in  these  populations, 
but  still  the  vigor  was  generally  better 
than  in  the  parental  forms.  This  hybrid 
vigor  continued  into  the  F3  generation,  in 
striking  contrast  with  the  results  observed 
in  the  crosses  between  distinct  ecospecies 
of  Hemizonia  mentioned  above,  proving 


that  in  Potentilla  these  morphologically 
distinct  climatic  races  are  but  ecotypes  of 
one  species. 

The  experimental  work  on  Potentilla 
gland ulosa  has  now  been  concluded.  The 
data  mentioned  above,  together  with  those 
from  the  selection  experiment  and  from 
hybrids  between  distinct  ecotypes  of  the 
Madiinae,  now  await  final  analysis  and 
publication  as  a  study  on  the  genetics  of 
climatic  races. 


DESERT  INVESTIGATIONS 


Forrest  Shreve 


The  desert  projects  have  been  advanced 
during  the  past  year  chiefly  by  the  study 
of  notes  and  materials  gathered  in  the 
years  of  active  field  work  and  by  the 
preparation  of  maps,  drawings,  and  manu- 
script for  publication.  A  limited  amount 
of  field  work  was  carried  on  in  the  Chi- 
huahuan  Desert.  The  preparation  of  a 
manuscript  covering  the  ecological  aspects 
of  the  work  done  in  the  Sonoran  Desert 
is  approaching  completion.  The  progress 
of  the  Flora  of  the  Sonoran  Desert  has 
been  interrupted  by  the  departure  of  Dr. 
I.  L.  Wiggins  for  Ecuador,  where  he  is 
engaged  in  field  work  on  cinchona.  Manu- 
script for  this  Flora  has  been  completed 
by  Dr.  Wiggins  as  far  as  the  Cruciferae 
and  for  a  large  part  of  the  Leguminosae, 
as  well  as  for  several  smaller  families.  It  is 
hoped  that  this  project  can  be  resumed 
and  ultimately  pushed  to  completion  as 
planned.  Dr.  I.  M.  Johnston  has  actively 
continued  his  work  on  the  plants  of  the 
Chihuahuan  Desert  and  has  published  two 
papers  embodying  his  preliminary  treat- 
ment of  the  plants  of  Coahuila  and  adja- 
cent parts  of  other  states.  He  has  now 
covered  the  Monocotyledoneae  and  the 
Dicotyledoneae  as  far  as  the  Allioniaceae. 

In  the  spring  of  1944  a  short  visit  was 
made  by  Dr.  Shreve  to  the  southwestern 


borders  of  the  Chihuahuan  Desert  in  Za- 
catecas  and  Jalisco.  Difficulty  in  securing 
local  transportation  restricted  the  area  that 
it  was  planned  to  cover.  All  the  field  work 
previously  done  in  the  Chihuahuan  Desert 
had  been  in  the  late  summer,  when  the 
vegetation  is  at  its  maximum  development 
as  a  result  of  the  summer  rains.  Little  was 
known  about  the  condition  of  the  vegeta- 
tion after  the  light  rains  of  winter  and 
during  the  period  of  low  temperatures,  the 
effect  of  which  would  normally  be  greatly 
influenced  by  altitude  and  slope  exposure. 
Although  the  winter  of  1943-1944  was 
below  normal  in  precipitation,  it  was  found 
that  the  late  winter  and  early  spring 
months  are  a  period  of  marked  inactivity. 
All  deciduous  trees,  including  the  char- 
acteristically abundant  Leguminosae,  are 
leafless;  the  great  majority  of  shrubs  and 
small  perennials  are  leafless  or  in  a  state 
of  almost  complete  vegetative  inactivity. 
The  grasses  are  brown,  and  there  are  no 
active  herbaceous  annuals  or  bulbous 
perennials.  In  many  situations  there  are 
evergreen  trees  or  shrubs,  but  they  rarely 
form  extensive  stands.  A  few  species  of 
trees  and  shrubs  were  in  bloom  during 
their  leafless  winter  period.  The  winter 
growing  conditions  appear  to  be  far  poorer 
on  the  whole  at  elevations  of  4000  to  7000 
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feet  on  the  southern  edge  of  the  Chihua- 
huan  Desert  than  they  are  in  the  region 
of  biseasonal  rain  in  the  Sonoran  Desert 
at  elevations  of  iooo  to  3000  feet. 

In  the  late  summer  of  1943  Mr.  U.  T. 
Waterfall  continued  his  exploration  and 
collecting  in  west  Texas.  Knowledge  of 
the  plants  of  this  region  has  been  largely 
based  on  the  thorough  collections  made 
during  the  past  40  years  in  such  promising 
localities  as  the  Davis  and  Chisos  Moun- 
tains. Mr.  Waterfall  has  visited  a  number 
of  the  smaller  ranges  of  mountains  as  well 
as  some  of  the  very  arid  valleys,  and  his 
collections  contribute  toward  a  better  un- 
derstanding of  the  floristic  areas  in  this 
rather  complex  region.  Many  plants  known 
from  the  southern  tip  of  the  Big  Bend 
have  not  yet  been  detected  elsewhere  in 
Texas.  The  presence  of  certain  Mexican 
plants  in  the  Guadalupe  Mountains,  which 
extend  into  New  Mexico,  is  now  supported 
by  their  discovery  in  the  Sierra  Diablo. 
The  results  of  the  work  in  Texas  indicate 
that  there,  as  elsewhere  in  the  desert,  en- 
demism  is  stronger  in  the  arid  valleys 
than  it  is  under  the  more  favorable  con- 
ditions of  the  isolated  mountain  ranges, 
covered  in  part  with  mesic  vegetation. 

In  connection  with  the  study  of  climatic 
conditions  in  the  desert,  a  paper  has  been 
published  on  the  seasonal  and  distribu- 
tional features  of  rainfall  in  the  Sonoran 
and  Chihuahuan  deserts.  Areas  with  less 
than  200  mm.  of  annual  rainfall  cover 
most  of  Baja  California,  the  western  part 
of  Sonora,  and  the  lowest  parts  of  Chi- 
huahua and  Coahuila.  The  fluctuations  of 
total  rainfall  from  year  to  year  are  greater 


in  desert  than  in  moister  regions.  At 
San  Juan  de  Guadalupe,  Durango,  the  ratio 
of  the  highest  annual  rainfall  to  the  lowest 
in  the  past  20  years  is  12.1.  At  Mulege, 
Baja  California,  the  highest  rainfall  in  the 
same  period  was  329  mm.  and  the  lowest 

I  mm.  The  duration  of  rainless  periods 
is  6  to  7  months  at  several  localities  in  the 
Chihuahuan  Desert,  7  to  8  months  on  the 
Gulf  coast  of  Sonora  and  Sinaloa,  and  from 

II  to  18  months  in  Baja  California.  The 
variability  of  desert  rainfall  and  the  pro- 
tracted rainless  periods  are  the  most  im- 
portant feature  of  the  climate  for  vegeta- 
tion, with  resulting  importance  to  the 
animal  life. 

The  seasonal  distribution  of  rainfall  in 
northern  Mexico  shows  wide  geographical 
differences.  On  the  Pacific  coast  of  Baja 
California  it  is  confined  to  the  late  winter; 
in  Arizona  and  Sonora  it  is  biseasonal; 
in  the  great  plateau  basin  of  Chihuahua 
and  Coahuila  the  summer  rainfall  is  high 
in  some  localities  and  very  low  in  others, 
but  the  winter  rainfall  is  low  in  all  parts 
of  the  area.  In  the  arid  bushland  of  north- 
eastern Mexico  the  rainfall  is  more  gener- 
ous and  more  evenly  distributed.  On  the 
west  coast  of  Mexico  the  biseasonal  rainfall 
of  northern  Sonora  merges  gradually  into 
predominantly  summer  rainfall  in  the 
Thorn  Forest  region  of  Sinaloa.  These 
features  of  seasonal  distribution  control 
the  activities  of  the  vegetation.  As  the 
general  climatic  pattern  has  probably 
changed  little  during  a  long  period  of 
geological  time,  strong  differences  have 
developed  in  the  floras  of  the  areas  in- 
volved. 


PALEOBOTANY 

Ralph  W.  Chaney 


Because  of  the  pressure  of  war  activities,  able  to  continue  his  studies  effectively, 
none  of  the  group  concerned  with  the  Dr.  Chaney  has  completed  a  study  of  an 
program  of  Tertiary  paleobotany  has  been      Eocene  cactus  which  will  be  discussed  in 
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a  later  report.  He  is  spending  a  small 
amount  of  time  regularly  on  large  Middle 
Tertiary  collections  from  the  John  Day 
Basin,  and  plans  to  submit  for  publication 
brief  progress  reports  from  time  to  time. 
Lieutenant  MacGinitie's  assignment  in  the 
Southwest  is  giving  him  an  opportunity  to 
make  observations  on  the  climate  in  this 
region  which  will  be  of  value  in  his  cur- 
rent study  of  the  Florissant  flora.   Captain 


Axelrod  is  reported  to  have  been  shifted 
from  Australia  to  New  Guinea,  where  it 
is  hoped  his  close  contact  with  tropical 
and  subtropical  vegetation  may  throw  light 
on  Eocene  environments  in  western  North 
America.  Lieutenant  Colonel  LaMotte!s 
supplementary  catalogue  of  Mesozoic  and 
Cenozoic  plants  of  North  America  is  now 
in  final  stages  of  printing  after  unavoidable 
delays  since  the  beginning  of  the  war. 
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DEPARTMENT  OF  EMBRYOLOGY 

Baltimore,  Maryland 
GEORGE  W.  CORNER,  Director 

During  the  year  1943-1944  the  national  tion  in  the  rhesus  monkey  and  other  ani- 
war  effort,  now  at  its  height,  has  affected  mals  have  gone  forward  on  a  small  scale, 
the  work  of  the  Department  of  Embry-  limited  by  wartime  conditions  and  also  by 
ology  more  and  more  seriously.  With  two  the  fact  that  the  monkey  colony  and  asso- 
members  of  the  regular  staff  of  investi-  ciated  resources  of  the  Department  have 
gators  and  one  Fellow  away  on  wartime  been  partly  given  over  to  research  on  an 
duty,  practically  no  visiting  workers  in  important  emergency  medical  problem,  in 
the  laboratory,  and  the  Director  and  others  association  with  investigators  of  the  School 
giving  much  time  to  emergency  duties,  of  Hygiene,  Johns  Hopkins  University, 
naturally  the  pace  of  investigative  work  Uncertainties  as  to  the  supply  of  monkeys 
has  slowed  down.  The  collection  of  em-  and  of  help  in  the  animal  house  are,  how- 
bryos  has  grown  as  usual  and  received  a  ever,  likely  to  diminish  in  the  future.  The 
number  of  important  additions,  especially  procurement  of  living  opossums  necessary 
of  early  human  embryos.  Dr.  C.  H.  for  the  work  on  experimental  embryology 
Heuser,  Curator  of  the  Embryological  has  been  stopped  by  the  fact  that  skilled 
Collection,  aided  by  the  technical  staff,  animal  collectors  are  now  all  in  the  armed 
has  carried  on  the  work  of  preparing,  forces  or  in  war  industries.  Our  investi- 
photographing,  and  modeling  the  more  gators  in  the  two  fields  just  mentioned 
instructive  of  the  newly  acquired  sped-  had,  however,  accumulated  reserves  of 
mens.  Such  preparative  work  is  itself  a  preparations,  notes,  etc.,  with  which  they 
phase  of  the  process  of  investigation  when  have  been  able  to  continue  study  and  pub- 
the  material  in  hand  is  new  to  science,  lication  of  results.  Readers  of  the  follow- 
Publication  of  the  remarkable  series  of  ing  pages  will  observe,  indeed,  that  many 
human  embryos  of  the  second  and  third  of  the  publications  cited  represent  obser- 
week  obtained  by  Dr.  A.  T.  Hertig  and  vations  and  experimental  data  accumulated 
Dr.  John  Rock  and  other  workers  has  pro-  in  past  years;  and  yet  some  new  work  has 
ceeded  at  a  satisfactory  rate,  as  indicated  been  done  in  each  branch  of  our  regular 
by  the  detailed  summaries  below.  program  except  in  biophysics  and  bio- 
Studies  on  the  physiology  of  reproduc-  chemistry. 

HUMAN  EMBRYOLOGY 

Developmental  Horizons  in  Human  matter   and   tables   relating   to   his   stages 

Embryos  XI  and  XII.   Stages  XIII  and  XIV  are  in 

,  process  of  publication,  and  stages  XV  and 

Doctor  Streeter  s  program  or  classinca-  VttT               n   .     ,        ,     ^1             1        , 

r    °  AVI  are  well  in  hand,    lhe  work,  when 

tion  of  human  embryos  by  developmental  completed?  Wlll  form  an  authoritative  de- 
stages,  explained  in  Year  Book  No.  42,  con-  scription  and  classification  of  human  em- 
tinues  to  advance.  Last  year  Dr.  Streeter  bryos  by  stages  of  growth,  a  catalogue  of 
published,  in  volume  XXX  of  the  Contri-  early  embryos  in  the  Carnegie  Collection, 
butions    to    Embryology,    the    descriptive  and  a  guide  to  world  material. 
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Stages  XI  and  XII  include  embryos  of 
13  to  20  somite  pairs  and  of  21  to  29  somite 
pairs  respectively.  In  stage  XIII,  next  to 
be  considered,  the  full  complement  of 
somites  is  reached.  The  embryos  are  about 
4  to  6  millimeters  in  greatest  length.  Arm 
buds  are  well  defined  and  leg  buds  visible. 
The  yolk  sac  communicates  with  the  in- 
testine by  a  slender  stalk  instead  of  a  slit- 
like passage.  The  pore  of  the  otic  invagina- 
tion is  now  closed;  the  lens  vesicle  is  not 
yet  indented.  Even  in  the  younger  mem- 
bers of  the  group  the  blood  circulation  is 
well  established  throughout  the  embryo 
and  the  placental  villi.  The  heart  still 
lacks  true  valves,  but,  as  Dr.  Streeter  points 
out,  various  local  narrowings  of  the  cardiac 
tube  probably  serve  to  prevent  reflux  of 
blood  sufficiently  to  enable  the  myogenic 
contractions  of  the  heart  to  move  the  blood. 
The  age  of  embryos  at  this  stage  of  de- 
velopment is  estimated  at  28  ±  days. 

In  age  group  XIV,  the  most  characteris- 
tic sign  is  indentation  of  the  lens  vesicle. 
Various  stages  of  this  process  are  seen, 
from  a  mere  shallow  pocket  to  a  vesicle 
open  to  the  surface  only  by  a  narrow  pore. 
The  embryos  are  about  5.5  to  8  millimeters 
long.  The  ear  vesicle  has  a  well  defined 
endolymphatic  appendage.  The  spinal 
cord  remains  tubular,  but  the  brain,  essen- 
tially tubular  in  earlier  stages,  now  begins 
to  exhibit  ridges  and  thickenings  which 
indicate  the  beginning  development  of  its 
various  special  parts.  In  the  digestive  tract, 
Rathke's  pouch  becomes  a  prominent  fea- 
ture of  the  roof  of  the  mouth.  Trans- 
formation of  the  pharyngeal  pouches  into 
auditory  tube  and  thyroid,  thymus,  and 
parathyroid  glands  is  beginning.  The  tra- 
chea becomes  detached  from  the  esophagus. 
The  mesonephros  is  being  organized.  The 
age  of  embryos  at  this  stage  of  develop- 
ment is  estimated  at  29  ±  days. 


Very  Early  Human  Embryos 

In  Year  Book  No.  41  we  were  able  to 
report  the  acquisition  through  our  Boston 
collaborators,  Dr.  A.  T.  Hertig  and  Dr. 
John  Rock,  of  two  human  embryos 
younger  than  any  previously  known.  One 
is  no.  8020,  believed  to  be  72  days  old,  and 
the  other  is  no.  8004,  about  9J  days  old. 
As  was  reported  in  1942,  these  specimens 
were  successfully  cut  into  serial  sections 
by  Dr.  C.  H.  Heuser.  During  the*  past 
year  Dr.  Hertig  and  Dr.  Rock  have  com- 
pleted their  study  of  these  remarkable 
specimens  and  the  definitive  description, 
with  photographs  and  drawings  prepared 
in  the  Department  of  Embryology,  will 
appear  in  volume  XXXI  of  the  Contribu- 
tions to  Embryology. 

The  nature  of  these  two  embryos  will 
be  made  clear  by  the  diagrams  printed 
herewith  (fig.  1).  In  these  sketches,  A  to 
C  represent  stages  not  yet  seen  in  the 
human  embryo;  they  are  taken  from  a 
paper  by  Dr.  G.  B.  Wislocki  and  Dr.  G.  L. 
Streeter  on  the  implantation  of  the  rhesus 
monkey,  in  Contributions  to  Embryology, 
volume  XXVII.  They  show  how  the  hollow 
blastocyst,  at  first  free  in  the  uterine  cavity, 
settles  against  the  lining  of  the  uterus, 
where  a  thickened  part  of  the  wall  (tropho- 
blast,  solid  black  in  the  diagram)  invades 
the  uterine  epithelium.  It  is  necessary  to 
suppose  that  the  human  embryo  passes 
through  stages  much  like  these,  during 
the  first  week  after  conception.  Figure  iD 
represents  a  section  of  one  of  the  new 
human  embryos,  no.  8020.  It  will  be  seen 
that  it  has  burrowed  more  deeply  into 
the  uterus  than  does  the  early  monkey 
embryo,  and  that  the  trophoblast  is  al- 
ready spreading  into  the  connective  tissue 
below  the  surface.  At  one  point  (shown 
as  a  club-shaped  channel  at  the  right)  the 
trophoblast  has  surrounded  a  small  ma- 
ternal blood  vessel. 
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This  embryo,  as  first  seen  by  Hertig  in  a 
uterus  removed  surgically  by  Rock  at  the 
Free  Hospital  for  Women,  Brookline, 
showed  itself  as  a  tiny  oval  plateau  about 
0.42  X  0.46  mm.,  slightly  elevated  above 
the  endometrial  surface.  The  chorion  (i.e., 
the  whole  embryonic  mass)  measures  0.125 


two  tiny  clefts,  one  of  which  is  continuous 
with  the  chorionic  cavity.  The  endoderm 
is  represented  by  a  few  cells  forming  a 
caplike  mass  (schematically  shown  in  the 
diagram  as  a  thin  black  layer)  applied  to 
the  ventral  surface  of  the  ectodermal  em- 
bryonic disk. 


Fig.  1.  Diagrammatic  sections  illustrating  the  attachment  of  the  early  primate  embryo,  as  explained 
in  the  text. 


X  0.300  X  0.450  mm.  An  ordinary  pinhead 
is  roughly  three  times  this  size.  It  will  be 
noted  that  the  blastocyst  is  flattened  so 
that  the  thin  uncovered  part  of  its  wall 
lies  close  to  the  inner  cell  mass.  Such  a 
collapse  is  seen  in  comparable  rhesus  mon- 
key embryos  and  in  slightly  older  human 
embryos.    The  amniotic  cavity  consists  of 


Diagram  E  represents  the  embryo  of 
about  92  days,  no.  8004.  The  uterine  epi- 
thelium has  crept  over  the  embedded  em- 
bryo, almost  covering  it.  The  chorion  now 
measures  0.310  X  0.450  X  0.582  mm.  The 
invading  part  of  the  trophoblast  has  in- 
creased in  thickness  and  has  formed  within 
itself  a  number  of  cavities  (lacunae)  which 
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contain  blood  from  eroded  maternal  blood 
vessels.  The  amniotic  cavity  is  now  quite 
distinct,  and  the  main  part  of  the  inner 
cell  mass  forms  an  oval  embryonic  disk 
measuring  o.ioo  X  0.132  mm.  This  disk  as 
yet  bears  no  indication  of  axial  differentia- 
tion. Inside  the  chorionic  cavity  a  few 
mesoblastic  cells  are  seen.  The  endoderm 
is  scarcely  advanced,  in  this  embryo,  be- 
yond the  stage  seen  in  no.  8020. 

The  chief  deductions  from  these  embryos 
and  from  others  of  closely  similar  age,  now 
in  the  collection  but  as  yet  unpublished, 
are  that  the  human  embryo  probably 
implants  on  about  the  6th  day;  develop- 
ment of  the  trophoblast  is  precocious  and 
implantation  by  burrowing  into  the  endo- 
metrium is  rapidly  achieved;  the  amnion 
seems  to  be  formed  as  a  cavity  between 
primitive  trophoblast  and  embryonic  ec- 
toderm. 

Both  these  embryos  are  classifiable  in  Dr. 
Streeter's  stage  IV,  implanting  ova. 

A  Pre-villous  Embryo  about  Thirteen 
Days  Old 

Last  year  Dr.  Andrew  A.  Marchetti,  of 
Cornell  University  Medical  College,  dis- 
covered, in  a  curettage  specimen  from  the 
New  York  Hospital,  evidences  of  an  early 
embryo.  Fortunately  only  one-fourth  of  the 
chorionic  wall  was  cut  away  in  making  the 
routine  sections  for  pathological  examina- 
tion, and  the  rest  of  the  block,  rescued  by 
Dr.  Marchetti,  contained  the  embryo,  the 
amnion,  and  the  yolk  sac.  He  has  studied 
and  described  the  specimen  with  the  aid 
of  models  and  photographs  made  in  the 
Carnegie  laboratory.  The  trophoblast  is 
well  differentiated,  with  distinct  lacunae, 
but  the  primitive  villi  have  not  yet  defi- 
nitely appeared.  The  extraembryonic  meso- 
blast  is  excessive  in  amount  and  practically 
fills  the  chorionic  cavity.  Because  of  this 
fact,  and  of  signs  of  mild  inflammatory 


reaction  in  the  endometrium  at  the  site  of 
implantation,  Dr.  Marchetti  believes  his 
embryo  is  atypical.  Thanks  to  recent  ac- 
quisitions, including  this  and  other  early 
embryos,  the  Carnegie  Collection  now  con- 
tains about  as  many  atypical  and  abnormal 
embryos  of  the  first  three  weeks  as  normal 
ones,  and  thus  material  for  study  of  the 
earliest  pathology  of  the  human  embryo  is 
rapidly  accumulating. 

Two  Embryos  of  the  Early  Villous 
Stage 

Dr.  C.  H.  Heuser  has  prepared  in  col- 
laboration with  Dr.  A.  T.  Hertig  and  Dr. 
John  Rock  a  full  description  of  two  em- 
bryos of  the  Hertig-Rock  series.  These 
have  not  previously  been  referred  to  in 
our  reports;  they  are  no.  7801,  about  13^ 
days  old,  and  no.  7802,  about  16J  days 
old.  The  younger  of  these  is  covered  with 
villi  up  to  0.25  mm.  long.  It  shows  an 
early  stage  in  the  development  of  the  body 
stalk,  represented  by  a  condensation  of 
mesoblast  at  the  caudal  end  of  the  germ 
disk.  The  germ  disk  is  oval,  with  diam- 
eters measuring  about  0.22  X  0.25  mm. 
The  primordium  of  the  primitive  streak 
is  recognizable,  marking  the  appearance 
of  axial  arrangement  of  bodily  structure. 
The  yolk  sac  is  nearly  spherical,  and  has  a 
bilaminar  wall. 

Embryo  no.  7802,  about  3  days  older  than 
that  just  described,  is  enclosed  in  a  chorion 
which  is  covered  with  branched  villi  reach- 
ing a  length  of  0.5  mm.  The  germ  disk 
measures  0.35  X  0.42  mm.,  and  shows  a 
primitive  node  and  a  primitive  streak  0.11 
mm.  long.  This  is  the  youngest  embryo 
yet  known  in  which  the  primitive  node  is 
present.  The  head  process  is  identifiable. 
There  is  a  well  marked  amniotic  duct. 
An  allantois  is  present.  Both  these  speci- 
mens have  relatively  small  yolk  sacs  sepa- 
rated by  a  considerable  space  from  the 
inner  wall  of  the  chorion. 
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Dr.  Heuser  lays  particular  stress  on  the  the  cause  of  embryonic  defects  and  of  abor- 

presence  of  cell-lined  vesicles  on  and  about  tion  of  defective  embryos.   He  referred  to 

the  yolk  sac.  Such  vesicles  have  been  seen  experiments  he  conducted  some  years  ago 

in   other   human   embryos   of  the  second  with  Dr.  E.  A.  Park  and  Dr.  D.  Jackson, 

and  third  weeks.    He  suggests  that  they  of    Johns    Hopkins    Medical    School,    in 

represent    transient    survivals    of    tissues  which  it  was  found  possible  to  breed,  by 

forming  part  of  the   large   primary   yolk  selection,  two  strains  of  rats  which  were 

sac  which  occupies  most  of  the  chorionic  respectively    vulnerable    and    resistant    to 

cavity  at  about  the  12th  day  of  develop-  rickets  when  placed  on  a  rickets-producing 

ment.    He   supposes   that   as   the   smaller  diet.    This  is  an  example  of  a  defective 

definitive    yolk    sac    is    formed,    detached  condition  carried  in  the  chromosomes.  As 

vesicles  of  the  primary  yolk  sac  are  left  an  example  of  a  similar  situation  in  man, 

behind  and  are  likely  to  be  found  in  em-  Dr.  Streeter  presented  from  the  Carnegie 

bryos  of  ages  ranging  from  about  13  days  Collection  the  case  of  a  pair  of  fraternal 

to  2!  weeks.  twins,  which  of  course  began  their  embry- 
onic life  in  the  same  environment,  but  one 

An  Embryo  of  about  Sixteen  Days  went  on  t0  birth  at  term  as  a  normal  baby, 

An   embryo   intermediate   between   the  whereas  the  other  died  at  the  20th  week 

two  just  mentioned  has  been  described  by  of  gestation  and  was  retained  in  utero  and 

Dr.  Karl  M.  Wilson.    It  was  found  in  a  expelled  with  its  normal  companion.    In 

curettage  specimen  obtained  in  his  clinic  such  a  case  the  difference  in  viability  must 

at  Strong  Memorial  Hospital  of  the  Uni-  have  been  inherent  in  the  embryos  them- 

versity  of  Rochester.    By  good  fortune  all  selves. 

of  the  embryo  except  a  very  small  portion  Another    specimen   from   the   Carnegie 

at  the  caudal  end  was  found  in  that  part  Collection  cited  in  the  discussion  was  a 

of  the  block  which  had  remained  uncut  rhesus  monkey  embryo  recovered  12  days 

when  the  routine  sections  were  made  for  after  conception,  which  had  reached  only  a 

pathological   study.    The  chorion   is  cov-  9  days'  stage  of  development  and  showed 

ered  with  villi  just  beginning  to  branch,  deficient  formation  of  the  trophoblast.   In 

There  is  a  well  defined  amniotic  duct.  The  this    case    some    inherent    incapacity    had 

embryonic  shield  measures  0.22  X  0.31  mm.  affected  the  attachment  tissue,  and  would 

It  bears  a  recognizable  primitive  streak.  In  inevitably    have    produced    abortion.    Dr. 

describing  this  specimen  Dr.  Wilson  re-  Streeter  went  on  to  cite  various  examples 

marks    that    it    shows    particularly    well  of   localized    defects    in   human    embryos 

the  delamination  of  cells  from  the  cyto-  ascribable  to  inherent  genetic  deficiencies, 
trophoblast  layer  of  the  chorion,  forming 

mesodermal  cells  of  the  villi  and  chorionic  Recovery  of  Early  Embryos  and  the  Time 

membrane  0F  Ovulation  in  the  Rhesus  Monkey 

and  Man 

Embryonic  Defects  Leading  to  Abortion  Since  leaving  us  in  1941  to  become  pro- 

At  a  conference  on  problems  connected  fessor  of  zoology  in  the  University  of 
with  abortion  of  the  human  embryo,  held  Illinois,  Dr.  Carl  G.  Hartman  has  con- 
by  the  National  Committee  on  Maternal  tinued  to  bring  out,  from  time  to  time,  the 
Health  in  June  1942,  Dr.  G.  L.  Streeter  results  of  previously  unpublished  work 
presented  a  review  of  the  evidence  that  done  in  our  Department.  During  the 
deficiency  of  the  germ  plasm  is  frequently  present  year  he  has  printed  three  lectures 
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given  in  1943  in  San  Francisco.  Two  of 
these  will  be  mentioned  below,  under  the 
heading  "Reproductive  organs."  The  other 
concerns  the  recovery  of  primate  eggs  and 
early  embryos,  and  deductions  therefrom 
as  to  the  time  of  ovulation  with  respect 
to  the  menstrual  cycle.  It  covers  a  good 
deal  of  the  history  of  this  problem,  both 
scientific  and  personal,  as  developed  in  the 
Department  and  elsewhere,  and  although 
much  of  the  factual  material  has  already 
been  published,  the  lecture  is  a  valuable 
and  entertaining  resume  of  a  complex 
subject.  Dr.  Hartman  discusses  the  diag- 
nosis of  ovulation  in  the  monkey  by  pal- 
pation of  the  ovaries,  the  technical  methods 
of  recovering  eggs  from  oviducts  and 
uterus,  and  the  recovery  of  attached  em- 
bryos. From  the  data  of  Hertig  and  Rock, 
Allen  and  Pratt,  and  W.  H.  Lewis,  Hart- 
man  calculates  that  the  average  time  of 
ovulation  in  man  is  day  15  after  the  onset 
of  menstruation.  The  extremes  in  19  cases 
were  day  12  and  day  21.  He  then  reviews 
the  whole  of  his  own  experience  with  the 
rhesus  monkey,  and  shows  that  ovulation 
occurs  between  day  8  and  day  16,  with  the 
mode  on  day  13. 


Diffusion  and  Popularization  of  Results 

The  Director  of  the  Department  of  Em- 
bryology was  invited  to  present  the  1944 
series  of  lectures  on  the  Dwight  H.  Terry 
Foundation  at  Yale  University.  Since  these 
lectures  are  intended  to  review  what  has 
been  learned  in  various  branches  of  science 
for  the  benefit  of  those  interested,  as  the 
founder  put  it,  in  a  broadened  and  purified 
religion,  an  opportunity  was  thus  provided 
to  summarize  recent  advances  in  human 
embryology  for  the  general  university  audi- 
ence and  to  point  out  the  contributions  of 
that  science  to  the  general  problem  of 
man's  nature.  The  lectures  dealt  with  (1) 
the  normal  early  human  embryo  as  an 
archive  of  evolutionary  history  and  as  a 
living  individual,  (2)  the  nature  and  causes 
of  embryonic  defects  and  prenatal  death, 
and  (3)  evidence  from  embryology  as  to 
the  position  of  man  in  the  animal  king- 
dom. In  all  three  lectures,  Dr.  Corner 
naturally  referred  extensively  to  the  work 
of  the  Department  of  Embryology  and  to 
many  of  the  individual  embryos  in  the 
Carnegie  Collection.  The  Terry  Lectures 
for  1944  will  shortly  appear  in  book  form 
under  the  title  "Ourselves  unborn." 


EXPERIMENTAL  EMBRYOLOGY 


Differentiation  of  the  Phallus  in  the 
Opossum 

As  previously  explained  in  these  annual 
reports,  the  reproductive  habits  of  mar- 
supials such  as  the  opossum  provide  the 
embryologist  with  the  opportunity  to  do 
experimental  work  on  mammals  in  em- 
bryonic stages.  In  the  higher  (Eutherian) 
mammals,  in  which  the  embryos  are  borne 
in  the  uterus,  they  can  only  be  reached 
for  experimental  purposes  with  great  diffi- 
culty and  risk  of  abortion  or  resorption; 
but  in  marsupials,  which  bear  the  young 
in  a  brood  pouch  after  the  first  12  days  or 


thereabouts,  the  young  are  easily  gotten 
at  in  embryonic  stages.  Dr.  R.  K.  Burns' 
program  of  research  in  this  field  progresses 
actively.  In  the  forthcoming  volume  of 
Contributions  to  Embryology  he  reports 
work  on  the  differentiation  of  the  phallus 
and  its  reactions  to  sex  hormones.  In  a 
paper  published  five  years  ago,  Dr.  Burns 
showed  that  sex  hormones  have  the  power 
to  determine  the  external  form  of  the 
phallus;  the  present  paper  covers  a  larger 
series  of  experiments  and  especially  aims 
to  explain  the  changes  in  external  form  in 
terms  of  the  constituent  tissues.  It  includes 
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a  detailed  description  of  the  histology  of 
the  phallus.  Under  the  influence  of  sex 
hormones  administered  to  the  pouch  young 
from  the  time  of  birth  (12^  to  13^  days 
after  conception)  until  the  25th  day  of 
pouch  life  or  later,  the  tissue  components 
of  the  phallus  react  in  a  highly  specific 
manner,  producing  an  organ  which  in 
configuration  and  internal  structure  is  of 
distinctly  male  or  female  type  in  accord- 
ance with  the  hormone  that  is  acting.  This 
modification  occurs  with  equal  facility  in 
embryos  of  either  sex,  only  quantitative 
differences  appearing.  Its  basis  is  found 
in  the  specific  way  in  which  the  histological 
components  respond  to  the  appropriate  hor- 
mone. The  erectile  tissues  and  the  phal- 
lic part  of  the  urethral  apparatus  react  posi- 
tively to  male  hormones  (androgen)  in 
both  sexes,  by  growth  and  precocious  dif- 
ferentiation. The  sum  of  these  changes 
confers  upon  the  organ  its  specifically  male 
form.  The  effects  of  female  hormone  (es- 
trogen) are  both  positive  and  negative 
(inhibitory).  There  is  hypertrophy  of  the 
urinogenital  sinus,  accompanied  by  pro- 
liferation and  cornification  of  the  epi- 
thelium and  increase  in  diameter  of  the 
canal.  The  erectile  tissues,  on  the  contrary, 
are  inhibited.  It  thus  appears  that  the 
characteristic  dimorphism  of  the  phallus 
imposed  by  the  two  types  of  hormone  is 
not  a  simple  or  unitary  response  of  the 
organ  as  a  whole,  but  is  determined  by 
distinct  and  inherent  reactions,  some  posi- 
tive and  some  negative,  on  the  part  of  the 
various  histological  components,  to  the 
respective  hormones. 

Effects  of  Male  Hormone  on  Differen- 
tiation of  the  Urinogenital  Sinus 

In  two  papers  published  in  1939  Dr. 
Burns  described  the  effects  of  sex  hormones 
in  modifying  the  early  development  of  the 
urinogenital  sinus  and  its  derivatives  in  the 


opossum.  These  accounts  dealt  largely 
with  modifications  of  the  form  of  the 
organs  involved,  but  a  more  recent  paper, 
mentioned  in  Year  Book  No.  42,  described 
the  effects  of  the  estrogenic  hormones  on 
the  histological  structure.  Dr.  Burns  has 
this  year  continued  his  discussion  to  cover 
the  effects  of  androgenic  hormone  on  the 
histology  of  the  urinogenital  sinus  and  its 
derivatives.  The  findings  are  best  under- 
stood if  we  recall  that  in  the  opossum  divi- 
sion of  the  urinogenital  sinus  from  the 
rectal  part  of  the  cloaca  is  complete  at 
birth;  thereafter,  the  differentiation  of  the 
embryonic  sinus  into  male  and  female 
types  occurs  gradually,  and  is  essentially 
complete  in  pouch  young  of  50  days.  In 
males  the  sinus  gives  rise  to  the  urethra 
and  the  prostate  gland  complex.  In  fe- 
males the  proximal  part  of  the  sinus, 
including  the  sinus  horns,  gives  rise  to  the 
greater  part  of  the  lateral  vaginal  canals, 
and  to  the  urethra,  and  the  distal  part  be- 
comes the  adult  urinogenital  sinus.  There 
are  absolutely  no  prostatic  rudiments  at 
any  stage  of  normal  female  development. 

When  androgens  are  administered  to 
male  pouch  young,  the  result  is  accelera- 
tion of  the  normal  process  of  differentia- 
tion, without  essential  alteration  of  the 
male  form.  In  females  receiving  andro- 
genic hormone  the  anatomical  form  of  the 
sinus  is  greatly  modified.  The  sinus  horns 
usually  fail  to  migrate  and  form  lateral 
vaginal  canals,  and  the  vaginal  outlets  do 
not  assume  the  definitive  female  position. 
Growth  of  prostatic  tissue  is  induced  and 
proceeds  to  a  degree  far  in  advance  even 
of  normal  male  development.  At  50  days 
the  masculinized  female  urinogenital  sinus 
is  scarcely  distinguishable  from  that  of  a 
treated  male  littermate  except  for  a  minor 
quantitative  difference  in  size. 

As  in  the  case  of  the  phallus,  it  appears 
that  the  responses  of  the  tissues  of  the 
urinogenital  sinus  are  specific  for  the  type 


92 


CARNEGIE  INSTITUTION  OF  WASHINGTON 


of  hormone  acting,  in  keeping  with  the 
principle  that  parts  or  tissues  which  under- 
go definitive  differentiation  in  a  given  sex 
react  positively  by  growth  and  develop- 
ment to  the  appropriate  type  of  hormone; 
whereas  parts  proper  to  the  opposite  sex 
either  fail  to  react,  or  are  actively  inhibited 
in  their  development.   Paradoxical  effects, 


violating  this  principle,  are  ascribable  to 
dosage  of  the  hormones  beyond  physio- 
logical limits.  Dr.  Burns  discusses,  but 
leaves  open  for  the  present,  the  question  as 
to  whether  the  estrogenic  and  androgenic 
hormones,  or  nearly  related  substances, 
take  part  in  the  normal  differentiation 
of  sex. 


THE  REPRODUCTIVE  ORGANS  AND  THEIR  HORMONES 


The  Vaginal  Cycle 

The  description  by  Stockard  and  Pa- 
panicolaou, in  1917,  of  a  very  strongly 
marked  series  of  histological  changes  in 
the  vagina  of  the  guinea  pig  under  the 
influence  of  the  ovarian  cycle  gave  the 
impulse  to  a  great  advance  in  our  knowl- 
edge of  the  reproductive  cycle  in  mam- 
mals. Their  observations,  and  similar 
studies  on  the  rat  and  mouse,  led  directly 
to  such  discoveries  as  the  identification  of 
the  estrogenic  hormones  and  the  isolation 
of  vitamin  E.  It  was  to  be  hoped  that  what 
had  been  learned  from  the  small  laboratory 
rodents  could  be  applied  to  the  human 
species,  making  possible  an  analysis  of  the 
human  cycle,  enabling  the  accurate  diag- 
nosis of  ovulation,  and  in  these  and  othei 
ways  solving  many  problems  of  human 
physiology  and  disease.  Although  it  is 
difficult  for  many  reasons  to  subject  normal 
humans  to  study  of  the  vaginal  cycle,  such 
studies  could  be  undertaken  on  patients 
suffering  with  disturbance  of  the  repro- 
ductive system.  Results  obtained  in  the 
gynecological  clinics  were,  however,  disap- 
pointing as  far  as  the  study  of  the  normal 
human  cycle  was  concerned.  The  same 
was  true  of  efforts  to  study  the  vaginal 
cycle  of  the  rhesus  monkey,  made  by  Hart- 
man  and  Corner  in  their  respective  labora- 
tories. In  both  human  and  rhesus  monkey 
it  was  found  that  in  a  general  way  the 
cells  seen  in  vaginal  washings  or  scrapings 
undergo  cyclic  changes  of  the  same  general 


type  as  those  of  the  rat,  mouse,  and  guinea 
pig,  but  so  much  less  strongly  accentuated 
that  vaginal  smears  could  not  be  used 
practically  for  following  the  cycle.  Gross 
changes  of  vaginal  structure,  such  for 
example  as  those  produced  by  massive 
doses  of  estrogenic  hormones,  or  by  ovarian 
deficiency  after  menopause  or  surgical  re- 
moval of  the  ovaries,  could  easily  be  de- 
tected by  vaginal  smears  and  the  informa- 
tion thus  gained  could  even  be  used  to 
control  treatment  with  hormones;  but  the 
slighter  variations  occurring  in  the  normal 
cycle  were  very  obscurely  reflected  in  the 
vaginal  smears. 

In  1933,  however,  Papanicolaou  published 
an  important  study  of  the  human  vaginal 
cycle  based  on  a  greatly  improved  tech- 
nique. Clinical  workers,  including  espe- 
cially Ephraim  Shorr  of  Cornell  Medical 
College,  were  able  to  use  the  new  method 
for  diagnostic  purposes  and  valuable  re- 
sults were  obtained.  It  seemed  desirable 
therefore  to  re-examine  the  cycle  of  the 
rhesus  monkey  by  the  new  technique  and 
to  compare  results  with  those  obtained  in 
women.  This  work  was  undertaken  in 
1941  by  Dr.  Ines  de  Allende,  of  Cordoba, 
Argentina,  who  was  at  the  Department  of 
Embryology  as  a  Rockefeller  Fellow.  The 
work  was  begun  in  consultation  with  Dr. 
Hartman,  who  was  then  still  with  us,  and 
was  continued  by  Dr.  de  Allende  in  Dr. 
Shorr's  clinic  at  the  New  York  Hospital. 
The  result  was  a  cooperative  study,  finally 
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described  in  a  joint  paper,  with  introduc- 
tion by  Dr.  Hartman  and  descriptions  of 
the  monkey's  cycle  and  that  of  the  human 
by  Dr.  de  Allende  and  Dr.  Shorr  respec- 
tively. The  colored  illustrations  necessary 
in  work  of  this  kind  have  been  repro- 
duced in  two  superb  lithographic  plates 
by  A.  Hoen  and  Company  from  drawings 
by  Dr.  Shorr  and  Dr.  de  Allende,  and 
from  Kodachrome  microphotographs  by 
Mr.  Chester  Reather. 

Because  of  the  improved  discrimination 
of  phases  in  the  history  of  the  epithelial 
cells,  made  possible  by  Shorr's  modifica- 
tion of  Papanicolaou's  staining  method,  it 
has  been  possible  to  relate  the  primate 
cycle,  as  seen  in  the  two  species  studied,  to 
the  vaginal  cycle  as  learned  from  the 
rodents,  more  closely  than  before.  A  mid- 
interval  peak  of  epithelial  desquamation 
was  found  by  direct  experiment  in  the 
monkey  to  be  related  to  ovulation.  Criteria 
for  detecting  anovulatory  cycles  in  both 
species  were  worked  out.  Changes  pro- 
duced by  administration  of  hormones  were 
described.  Most  important  of  all,  the 
demonstration  of  a  fundamental  similarity 
between  the  vaginal  secretions  of  the  two 
species,  not  only  during  the  menstrual 
cycle  but  under  the  influence  of  hormones 
administered  experimentally,  promises  that 
studies  on  the  monkey  will  contribute  to 
the  solution  of  difficulties  in  interpretation 
of  human  vaginal  changes. 

Structure  of  the  Corpus  Luteum  of  the 
Rhesus  Monkey 

Detailed  study  of  the  microscopic  struc- 
ture of  the  corpus  luteum  is  of  interest 
from  several  standpoints.  In  the  first  place, 
it  provides  a  unique  opportunity  to  ob- 
serve the  rebirth,  from  cycle  to  cycle,  of 
an  important  organ  of  internal  secretion. 
The  manner  in  which  the  small  lining 
cells  of  the  ovarian  follicles  are  converted 


into  large  secretory  cells,  provided  with  a 
net  of  blood  vessels  and  with  supporting 
connective  fibers,  and  thereafter  even  more 
suddenly  reduced  again  to  low  estate,  can- 
not fail  to  awaken  the  interest  of  the 
histologist.  In  the  second  place,  the  study 
raised  many  physiological  questions.  How 
quickly  is  the  corpus  luteum  organized? 
When  does  it  begin  to  function  as  an  endo- 
crine gland  ?  What  is  the  temporal  relation 
between  its  regression  and  that  of  the 
uterus,  and — in  the  primates — the  onset  of 
menstruation? 

In  the  third  place,  accurate  information 
about  the  structure  and  appearance  of  the 
corpus  luteum  from  day  to  day  will  enable 
us  to  understand  the  relation  of  defects 
and  retardation  of  the  corpus  luteum  to 
pathology  of  the  early  embryo. 

Dr.  George  W.  Corner,  in  collaboration 
with  Dr.  Carl  G.  Hartman,  formerly  of 
this  Department,  and  Dr.  G.  W.  Bartel- 
mez,  of  the  University  of  Chicago,  has 
completed  a  detailed  account  of  the  organi- 
zation and  breakdown  of  the  corpus  lu- 
teum in  the  rhesus  monkey.  The  work  is 
based  on  corpora  lutea  and  accompanying 
uterine  tissues  and  physiological  data  ac- 
cumulated during  the  past  twenty  years 
and  more  by  the  three  collaborators  and 
by  Dr.  H.  B.  Van  Dyke.  Specimen  slides 
of  all  of  these  and  complete  serial  sections 
of  many,  together  with  sections  of  the 
uteri,  have  been  assembled  at  the  Carnegie 
laboratory.  No  such  collection  of  dated 
ovaries,  accompanied  by  uteri,  embryos, 
and  other  relevant  material,  exists  for  any 
other  primate. 

The  details  of  the  descriptive  report 
thus  worked  out  need  not  be  cited  here, 
except  to  say  that  there  is  a  regular  pro- 
gression of  events  as  the  granulosa  cells 
enlarge  and  the  lutein  wall  is  vascularized. 
By  use  of  the  characteristic  changes  thus 
brought  about,  it  is  possible  to  determine 
the  age  of  a  corpus  luteum  from  day  i  to 
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day  13,  within  limits  of  ±  1  day,  by  micro- 
scopic examination.  Organization  of  the 
corpus  luteum  is  completed  about  day  8, 
and  the  first  definite  signs  of  degeneration 
are  seen  about  day  13  after  ovulation,  at 
which  time  it  is  possible  to  recognize  a 
stage  of  the  corpus  luteum  corresponding 
to  Bartelmez'  phase  of  premenstrual  invo- 
lution of  the  endometrium.  Progressive 
degenerative  changes  characterizing  the 
time  of  menstruation  are  fully  described. 

If  the  animal  becomes  pregnant,  the 
corpus  luteum  does  not  degenerate,  but 
retains  its  i2th-day  characteristics  until 
about  the  19th  day,  when  it  begins  a  tran- 
sition to  the  pregnancy  type  previously 
described  by  Corner,  Bartelmez,  and  Hart- 
man  (Amer.  Jour.  Anat.,  vol.  59,  1936). 
After  day  24  it  is  in  the  typical  pregnancy 
stage. 

The  bulk  of  the  lutein  tissue  is  derived 
from  the  granulosa  cells,  but  in  this  species 
the  theca  interna  cells  retain  their  identity 
after  ovulation  and  persist  at  or  near  their 
original  situation,  about  the  periphery  of 
the  corpus  luteum  and  in  the  bases  of  the 
folds  produced  by  collapse  of  the  follicle. 
After  day  4  they  are  for  a  time  indistin- 
guishable from  the  granulosa  cells,  but  they 
are  sometimes  again  visible  after  day  6; 
and  their  invariable  return  to  visibility  in 
the  corpus  luteum  of  pregnancy  and  in  the 
corpus  aberrans  indicates  that  they  retain 
their  identity  even  when  not  distinguish- 
able in  ordinary  microscopic  sections.  It 
should  be  added  that  in  preparing  the 
descriptions,  emphasis  has  been  laid  upon 
those  features  which  can  be  seen  in  ordi- 
nary sections  stained  with  haematoxylin 
and  eosin.  It  should  be  readily  possible, 
therefore,  for  gynecologists  and  other  stu- 
dents of  the  human  ovary  to  make  direct 
comparisons.  Observations  of  human  cor- 
pora lutea  which  have  incidentally  come 
to  Dr.  Corner's  notice  show  a  strong  re- 
semblance in  detail  between  the  develop- 


mental stages  of  the  human  corpus  luteum 
and  those  of  the  rhesus  monkey.  A  diag- 
nosis of  the  age  of  a  human  corpus  luteum 
in  days  after  ovulation,  made  on  the  basis 
of  criteria  set  forth  in  this  paper,  will  prob- 
ably be  approximately  correct.  The  article 
is  illustrated  by  a  set  of  microphotographs 
especially  chosen  to  show  general  structure 
as  well  as  fine  details,  and  to  facilitate  com- 
parison with  other  species. 

Absorption   of   Steroid   Hormones  from 
the  Oral  Mucus  Membranes 

Dr.  George  W.  Corner,  Jr.  (captain, 
Medical  Corps,  U.  S.  Army),  during  a 
few  months  spent  in  the  Department  as 
guest  investigator,  undertook  to  test  the 
possibility  of  administering  the  corpus 
luteum  hormone,  progesterone,  by  absorp- 
tion through  the  mucous  membranes  of 
the  mouth,  i.e.,  by  placing  small  quantities 
of  the  hormone,  dissolved  in  a  water-mis- 
cible  solvent  of  low  surface  tension,  such  as 
propylene  glycol,  on  the  floor  of  the  mouth 
beneath  the  tongue.  Such  a  method  of 
administering  steroid  hormones,  of  the 
estrogen,  androgen,  and  corticosterone 
series,  has  been  on  trial  for  several  years. 
It  has  the  great  advantage  of  avoiding  re- 
peated puncture  of  the  skin  by  hypodermic 
needles.  The  more  obvious  method  of  ad- 
ministration through  the  mouth  into  the 
stomach  is  not  practical  with  these  sub- 
stances because  of  partial  or  complete  loss 
of  activity  while  passing  through  the  diges- 
tive canal  and  liver.  Dr.  Corner's  review 
of  the  literature  showed  that  in  clinical 
trials  estrogens  are  as  effective  sublingually 
as  by  intramuscular  injection,  whereas  des- 
oxycorticosterone,  various  androgens,  and 
pregneninolene  require  about  fourfold 
larger  doses  by  sublingual  than  by  intra- 
muscular administration. 

He  then  made  a  series  of  tests  with  cas- 
trated female  rhesus  monkeys,  using  a  tech- 
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nique   of   assay    worked   out   by    G.   W.  found  within  a  day  or  two  of  the  time  of 

Corner,  Sr.,  in  which  the  test  is  the  power  ovulation,   when   they    were   still   hyaline 

of  the  progesterone  to  inhibit  the  uterine  and  tinged  with  red  from  blood  dissolved 

bleeding  which  follows  discontinuance  of  or  suspended  in  their  substance.  Evidently 

a  course  of  estrogen  injections.    Another  this  semiliquid  material  becomes  attached 

series  of  tests  was  made  on  rabbits,  using  to  the  omentum  or  other  contiguous  struc- 

the  standard  method  of  assay  of  proges-  ture,  and  is  finally  invaded  and  organized 

terone  described  by  Corner,  Sr.,  and  W.  M.  by   connective-tissue   cells.    The   resultant 

Allen.    Results   were   somewhat   variable,  strand  is  slender  (i  mm.  or  less,  down  to 

partly  no  doubt  because  of  the  difficulties  hairlike  thinness)   and  often  very  strong. 

in  applying  this  method  of  drug  adminis-  Adhesions  of  this  type  known  to  be  as  old 

tration  to  experimental  animals.    In  both  as  70  days  have  been  seen.  Whether  or  not 

series  of  experiments,  however,  clear  evi-  ovarian  adhesions  in  human  patients  ever 

dence  was  obtained  that  the  progesterone  arise  in  the  same  way  is  not  known. 

was  absorbed,  and  in  each  the  minimum 

dose  necessary  to  elicit  characteristic  effects  The  Normal  and  the  Hyperactive  Ovary 

was   found   to  be   about  four  times  that  T               r  u*    c       t?        ■        1                 c 

...  In  one  or  his  ban  rrancisco  lectures  or 

required  by  subcutaneous  miection.  If  and  c       j  «.       u          r>»     r>    r>    tj 

,        -,               r                                  .  1943,  referred  to  above,  Dr.  C.  G.  Hart- 

when  the  cost  or  progesterone  permits,  the  ,.                  c                    _  1 

r     ,             f  1     1  man  presents  a  discussion  or  experimental 

sublingual  route  may  find  a  useful  place  1                         1                .  n 

°                        }                            r  work     on    animals,    especially    primates, 

in  clinical  practice.  1  •  1                  .                 1     •  .     ■           1 

r  which  may  assist  gynecologists  in  analyz- 
ing   the    problems    of    ovarian    function. 

Ovarian  Adhesions  in  the  Rhesus  Much  of  the  work  described  was  done  in 

Monkey  this  laboratory.  The  lecture  deals  with 
Dr.  Carl  G.  Hartman  has  published  an  to°  manY  details  to  be  abstracted  here.  One 
interesting  account  of  observations  on  of  the  important  points  emphasized  is  that 
ovarian  adhesions,  made  while  he  was  ac-  the  production  of  hyperplasia  of  the  uterus 
tively  studying  the  physiology  of  repro-  hY  overaction  of  estrogenic  hormone  de- 
duction in  rhesus  monkeys  in  this  labora-  Pends  not  so  much  on  the  amount  of 
tory.  In  the  course  of  numerous  abdominal  hormone  given  as  upon  continuity  of  ad- 
operations  on  female  monkeys,  Hartman  ministration.  Hartman  discusses  also  the 
noticed  in  more  than  two  dozen  cases  relation  of  cysts  of  the  ovary  to  hyper- 
threadlike  strands  of  tissue  connecting  the  Plasia5  he  shows  that  in  monkeys  ovarian 
omentum  or  the  fringes  of  the  Fallopian  cysts  o£ten  do  not  disturb  the  menstrual 
tube  with  the  ovary.  In  many  of  these  cycle'  and  ™gg^s  tha^  there  is  danger  of 
cases  it  was  ascertained  that  the  adhesion  confusing  cause  and  effect  in  theorizing 
arose  from  the  stigma  of  a  recently  rup-  about  this  Problem  on  the  basis  of  clinical 
tured  follicle  or  from  the  ovarian  surface  observations, 
over  a  corpus  luteum.  He  presents  evi- 
dence,    illustrated    with    striking    photo-  Regeneration  of  the  Endometrium 

graphs  by  Mr.  Chester  Reather,  indicating  In  a  third  of  his  1943  lectures,  Hartman 
that  the  adhesions  are  formed  by  the  reports  upon  the  ultimate  effects  of  corn- 
viscous  and  tenacious  liquor  folliculi  issu-  plete  removal  of  the  endometrium  of  the 
ing  as  a  thread  from  the  rupture  point  of  rhesus  monkey  by  hysterotomy,  done  in 
a  follicle.  In  four  cases  such  threads  were  order   to   obtain   early   embryos.    All   the 
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experiments  were  carried  out  in  this  De- 
partment. The  technique  of  the  operation, 
which  will  greatly  interest  investigators 
of  primate  embryology,  is  carefully  ex- 
plained and  illustrated  by  four  exception- 
ally clear  drawings  by  Mr.  J.  F.  Didusch. 
The  endometrium  is  dissected  out  as  a  sac 
and  is  almost  completely  eliminated,  as  a 
tissue,  from  the  uterus.  Dr.  Hartman 
shows  that  this  drastic  operation  is  fol- 
lowed by  rapid  healing  and  regeneration 


of  the  uterine  lining.  In  one  case  the  endo- 
metrium was  completely  reconstituted  in 
1 6  days.  Another  monkey  successfully 
conceived  again,  13  days  after  such  re- 
moval of  the  endometrium  when  pregnant 
with  a  1  o-day  embryo.  One  animal  re- 
generated the  endometrium  after  four 
hysterotomies.  Several  passed  the  most 
crucial  test  of  recovery  by  bearing  infants 
to  term  after  previous  ablation  of  the 
endometrium. 


EXCHANGE  OF  SUBSTANCES  BETWEEN  THE  BLOOD  AND 

SURROUNDING  TISSUES 


Transfer  of  Sodium  across  the  Human 
Placenta 

The  annual  report  of  this  Department 
in  Year  Book  No.  41  contained  a  sum- 
mary review  of  studies  on  the  transfer  of 
substances  through  the  placenta,  conducted 
by  Dr.  Louis  B.  Flexner,  Dr.  Herbert  A. 
Pohl,  and  Dr.  Alfred  Gellhorn.  At  that 
time  of  writing  Dr.  Flexner's  group,  which 
was  being  dispersed  by  the  war  emergency, 
had  in  progress  an  investigation  of  the 
transfer  of  sodium  across  the  human 
placenta  at  various  stages  of  pregnancy. 
Eleven  observations  were  made,  and  al- 
though these  form  a  not  entirely  adequate 
series,  they  are  unique  and  were  obtained 
only  after  considerable  effort  and  expense. 
The  authors  (Dr.  Gellhorn,  Dr.  Flexner, 
and  Dr.  Louis  M.  Hellman,  of  the  Depart- 
ment of  Obstetrics,  Johns  Hopkins  Uni- 
versity) have  now  published  them. 

The  observations  were  made  on  women 
in  whom  pregnancy  was  terminated  by 
abdominal  operation,  for  grave  medical 
reasons  as  indicated  in  the  report.  In  each 
case,  about  30  minutes  before  operative 
delivery  a  small  amount  of  radioactive 
sodium  in  the  form  of  Na24  in  solution 
was  injected  into  an  arm  vein  of  the 
mother.    The  amount  of  radioactivity  in- 


volved is  known  to  be  innocuous  to  mother 
and  fetus.  In  those  cases  in  which  the  fetus 
was  too  young  to  be  viable,  its  tissues  were 
subjected  to  direct  measurement  of  the 
radioactive  substance  which  had  reached 
it.  When  the  fetus  was  viable,  a  sample  of 
blood  was  taken  from  a  vein  and  its  radio- 
activity measured. 

Calculations  from  the  data  obtained  per- 
mit two  tentative  conclusions.  In  the  first 
place,  there  is  an  increase  in  rate  of  transfer 
per  unit  weight  of  placenta  as  gestation 
advances.  The  over-all  increase,  between 
the  ages  of  10  and  38  weeks,  is  7  times.  A 
similar  increase  has  been  observed  in  all 
species  previously  studied  (pig,  goat,  cat, 
guinea  pig,  rat,  rabbit).  In  the  human  it 
can  be  related  to  morphological  changes 
which  occur  as  the  placenta  ages;  namely, 
an  increase  in  the  number  of  the  placental 
villi  and  in  their  total  surface  area,  dis- 
appearance of  the  cytotrophoblast  or  Lang- 
hans  layer  of  cells  (the  inner  of  the  two 
cell  layers  originally  clothing  the  villi),  and 
an  increase  of  blood  capillaries  in  the  villi 
together  with  thinning  of  the  capillary 
walls.  The  sum  of  these  changes  provides 
an  explanation  of  the  increase  in  transfer 
rate  per  unit  of  placental  tissue. 

The  other  conclusion  is  related  to  the 
fact    (explained   in   Year    Book    No.   41) 
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that  the  placentas  of  the  various  mammals 
differ  greatly  with  respect  to  the  number 
of  cell  layers  interposed  between  the  ma- 
ternal and  the  fetal  blood  streams.  The 
human  placenta  belongs  to  the  hemo- 
chorial  type,  in  which  the  maternal  cell 
layers  are  abolished  and  maternal  blood 
comes  into  direct  contact  with  the  surface 
of  the  fetal  element,  in  this  case  the  pla- 
cental villi.  It  appears  from  the  present 
work  that  the  rate  of  transfer  of  sodium 
per  gram  of  placenta  per  hour  in  man  is 
closely  like  that  reported  by  Flexner,  Gell- 
horn,  and  Pohl  for  other  hemochorial 
placentas  (rat,  rabbit,  guinea  pig)  at  corre- 
sponding stages  of  gestation. 

Transfer  of  Water  across  the  Placenta 
of  the  Guinea  Pig 

Dr.  Flexner  and  Dr.  Gellhorn  have  used 
heavy  water  as  an  indicator  of  the  passage 
of  water  through  the  placenta  of  the  guinea 
pig.  D20  was  injected  into  the  pregnant 
animal  and  at  a  standard  interval  there- 
after the  fetuses  were  removed.  The  water 
from  the  maternal  blood  and  from  the 
fetuses  was  recovered  by  distillation  and 
the  proportion  of  heavy  water  ascertained 
by  a  specific  gravity  method.  In  this  way 
the  rate  of  transfer  of  water  was  studied 
from  the  28th  day  of  pregnancy  until  the 
end  of  gestation.  The  rate  of  transfer  per 
unit  weight  of  placenta  increases  about  9 
times  during  this  period.  The  results  with 
heavy  water  satisfy  the  hypothesis,  pre- 
viously advanced  with  respect  to  sodium, 
that  the  fundamental  principle  underlying 
placental  transfer  is  that  the  rate  of  transfer 
to  a  unit  weight  of  fetus  parallels  the 
relative  growth  rate  of  the  fetus.  In  the 
early  stages  of  gestation  the  fetus  received 
about  150  times  as  much  water,  and  in  the 
later  stages  about  500  times  as  much,  as  is 
incorporated  in  the  growing  tissues. 


Transfer  of  Water  and  Sodium  to  the 
Amniotic  Fluid  of  the  Guinea  Pig 

Using  sodium  and  heavy  water  as  tracers, 
by  methods  described  in  the  papers  pre- 
viously discussed,  Dr.  Flexner  and  Dr. 
Gellhorn  studied  the  rate  of  transfer  be- 
tween the  maternal  circulating  blood  and 
the  amniotic  fluid  at  the  end  of  the  first 
third  of  pregnancy,  and  observations  were 
made  from  that  stage  until  the  end  of 
gestation.  The  experimental  results  showed 
that  the  rate  of  delivery  of  water  to  the 
amniotic  cavity  is  such  that  a  volume  of 
water  equal  to  the  volume  of  the  amniotic 
fluid  is  exchanged,  on  the  average,  about 
once  an  hour  at  all  periods  of  gestation 
examined.  The  rate  of  transfer  of  sodium 
is  on  the  average  about  50  times  less  rapid 
than  that  of  water. 

Exchange  of  Water  between  the  Blood 
and  the  extravascular  fluids 

In  the  course  of  the  extensive  studies  on 
transfer  of  substances  across  the  placenta 
referred  to  in  the  preceding  paragraphs, 
Dr.  Flexner  and  his  collaborators  found 
it  necessary  to  investigate  certain  general 
problems  of  exchange  between  the  blood 
and  the  extravascular  fluid  (i.e.,  all  the 
fluid  in  the  tissues  and  tissue  spaces  of  the 
body,  except  that  in  the  blood  vessels). 
Heavy  water  (deuterium  oxide),  for  ex- 
ample, was  used  as  a  tracer  substance  in 
studying  placental  transmission;  to  enable 
complete  understanding  of  the  results,  it 
became  necessary  to  study  the  rate  of  move- 
ment of  water  between  the  blood  vessels 
and  the  fluids  of  the  tissues  of  the  body,  in 
nonpregnant  animals. 

In  a  paper  published  in  1942,  but  not 
previously  cited  here,  Dr.  Flexner  and  Dr. 
Gellhorn,  aided  by  Dr.  Margaret  Merrell, 
of  the  School  of  Hygiene  and  Public 
Health,  Johns  Hopkins,  describe  the  move- 
ment  of   heavy    water    injected    into   the 
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blood  vessels  of  the  guinea  pig.  A  meas- 
ured quantity  of  isotonic  salt  solution, 
made  up  with  water  containing  a  known 
proportion  of  heavy  water  (D20),  is  in- 
jected into  a  vein.  The  original  concentra- 
tion of  DHO  thus  produced  in  the  blood, 
just  after  the  injection,  is  calculated  from 
the  amount  of  water  in  the  animal's  blood, 
as  determined  by  estimation  from  available 
data.  Thereafter,  as  water  passes  through 
the  walls  of  the  blood  capillaries  into  the 
tissues  and  vice  versa,  the  DHO  becomes 
mixed  with  the  ordinary  water  of  the  extra- 
vascular  part  of  the  body  as  well  as  with 
that  of  the  blood,  until  the  proportion  of 
DHO  is  the  same  inside  and  outside  the 
blood  vessels,  i.e.,  equilibrium  is  attained. 
Blood  samples  taken  during  this  process 
of  adjustment  show,  of  course,  a  drop  in 
the  proportionate  quantity  of  DHO  in  the 
blood,  at  first  rapid,  then  slower  and  slower 
until  equilibrium  is  reached.  If  the  con- 
centration present  in  the  blood  after  each 
successive  one-minute  interval  is  plotted  on 
a  graph,  it  becomes  possible  by  mathe- 
matical analysis  to  calculate  the  rate  at 
which  water  within  the  vessels  exchanges 
with  that  outside  them. 

The  results  show  that  equilibrium  is 
reached  very  quickly,  in  fact  in  about  9 
minutes.  Calculations  show  that  in  the 
guinea  pig  73  per  cent  of  the  water  in  the 
blood  is  exchanged  with  extravascular 
water  every  minute.  Readers  not  familiar 
with  such  problems  may  be  aided  in  visual- 
izing this  surprisingly  fast  movement  by 
imagining  two  dense  crowds  in  a  subway 
station,  passing  through  the  turnstiles  so 


fast  that  three-fourths  of  the  people  on  one 
side  pass  through  the  stiles  and  are  replaced 
by  an  equal  number  from  the  other  side 
within  one  minute.  Many  gates  would  be 
needed  to  permit  such  rapid  passage;  and 
likewise  it  appears  that  the  walls  of  the 
smaller  blood  vessels,  in  spite  of  their 
power  to  hold  back  blood  cells  and  even 
large  molecular  masses,  are  veritable  sieves 
with  regard  to  water. 

Exchange  of  Sodium 

The  same  authors  (Merrell,  Gellhorn, 
and  Flexner)  have  now  reported  on  the 
rate  of  exchange  of  a  salt  between  the 
blood  stream  and  the  extravascular  fluid. 
The  tracer  element  used  was  radioactive 
sodium  (Na24).  The  method  of  experi- 
ment and  the  mathematical  analysis  were 
similar  to  those  used  in  tracing  the  move- 
ment of  heavy  water.  Equilibrium  is 
reached  in  less  than  10  minutes.  It  is  found 
that  67  per  cent  of  the  diffusible  sodium  in 
the  blood  plasma  moves  outward  and  13 
per  cent  of  the  sodium  of  the  extravascular 
fluid  is  transferred  into  the  plasma  per 
minute.  The  amount  of  water  relative  to 
that  of  sodium  crossing  the  vascular  wall 
per  minute  is  about  twice  what  would  be 
expected  from  their  respective  concentra- 
tions in  the  plasma.  In  other  words,  the 
walls  of  the  vessels  are  about  twice  as  per- 
meable to  water  as  to  sodium.  It  will  be 
evident  that  this  method  permits  a  descrip- 
tion of  the  vascular  system  in  terms  of  its 
relative  permeability  to  all  substances 
which  can  be  identified  by  isotopes. 


TUMOR  STUDIES 

A  Sarcoma-Producing  Extract  ings  afflicted  with  neoplasms.    The  injec- 

A  number  of  investigators  have  reported      tion  of  the  extracted  fatty  compound  into 

the    extraction    of   tumor-producing    sub-      rats  and  mice,  however,  produced  tumors 

stances  soluble  in  fat  solvents  from  human      in  only  a  small  percentage  of  the  treated 

tumors  and  from  the  livers  of  human  be-      animals. 
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Dr.  Margaret  R.  Lewis  of  our  staff, 
working  at  the  Wistar  Institute  of  Anat- 
omy and  Biology  in  Philadelphia,  and  Drs. 
P.  M.  Aptekman  and  Helen  Dean  King, 
of  the  Wistar  Institute,  have  followed  this 
lead  by  making  extracts  of  tumors  occur- 
ring in  rats,  and  injecting  them  into  rats 
of  the  same  strain.  It  was  thought  that  the 
extracts  may  be  more  effective  when  they 
come  from  tissues  having  the  same  bio- 
logical characteristics  as  those  of  the  re- 
cipient test  animals. 

The  tumors  extracted  were  sarcomas 
(malignant  neoplasms  of  connective-tissue 
type)  that  had  been  produced  experi- 
mentally by  administering  carcinogenic 
hydrocarbons  to  inbred  albino  rats  of  Dr. 
King's  well  known  Wistar  colony.  These 
rats  do  not  often  develop  tumors  spon- 
taneously. Autopsy  of  200  untreated  rats 
10  to  12  months  old  revealed  no  tumors. 
The  strain  is,  however,  ioo  per  cent  sus- 
ceptible to  carcinogenic  chemical  substanc- 
es and  to  the  growth  of  ingrafted  tumors 
of  the  kind  used  in  the  experiments. 

An  extract  of  the  rat  tumors  made  with 
benzol  was  injected  into  28  young  rats. 
Two  injections  at  intervals  of  4  months 
were  given.  Six  months  after  the  second 
injection  5  rats  had  developed  sarcomas 
at  the  site  of  injection.  Tumor  tissue  from 
3  of  these  was  transplanted  into  other  rats 
and  proved  to  be  capable  of  repeated  trans- 
mission. 

Twenty-four  rats  were  similarly  injected 
with  a  benzol  extract  of  livers  of  rats  bear- 
ing transplanted  sarcomas.  Two  of  them 
developed  sarcomas  at  the  site  of  injection. 

One  rat  in  each  of  these  experimental 
groups  developed  carcinoma  of  the  mam- 
mary gland. 

The  percentage  of  tumors  thus  induced 
in  rats  by  extracts  from  tumors  of  animals 
of  the  same  strain  was  slightly  larger  than 
that  obtained  by  previous  investigators  who 
administered  extracts  of  human  tumors  or 


livers  to  rats  and  mice;  but  it  was  still 
small  in  proportion  to  the  number  of  rats 
treated. 

A  Rhabdomyoma  in  Tissue  Culture 

Dr.  Warren  H.  Lewis  has  reported  the 
results  of  a  long  study  on  the  cellular  char- 
acteristics of  a  malignant  tumor  of  re- 
markable nature.  The  original  tumor  was 
found  in  1920  in  a  rat  at  the  Institute  or 
Cancer  Research,  Columbia  University, 
and  was  reported  in  1922  by  F.  D.  Bullock 
and  M.  R.  Curtis  in  the  Journal  of  Can- 
cer Research.  It  was  of  the  type  known 
as  chondro-rhabdomyo-sarcoma;  that  is  to 
say,  it  contained  cartilage  cells,  fibers  of 
voluntary  muscle,  and  less  differentiated 
malignant  cells  of  the  kind  seen  in  sar- 
comas. The  discoverers  kept  the  tumor 
tissue  alive  by  rat-to-rat  transplantations. 
After  a  few  transfers  the  tumors  develop- 
ing from  new  transfers  no  longer  contained 
cartilage  cells,  and  after  13  years  they 
ceased  to  contain  striped  muscle  cells.  The 
tumor  tissue,  as  seen  in  sections,  now  had 
the  appearance  of  a  mixed-cell  sarcoma. 
At  this  time  Dr.  Lewis  began  to  maintain 
the  tissue  in  our  laboratory  in  tissue  cul- 
tures, starting  with  cells  obtained  from  a 
tumor,  newly  grown  after  transfer  to  a 
fresh  rat,  which  contained  no  recognizable 
muscle  nor  muscle-like  cells.  After  3  to  6 
months  of  growth  in  roller  tubes,  the  cul- 
tures consisted  of  pure  colonies  of  cells  that 
gave  rise,  when  again  inoculated  into 
rats,  to  tumors  with  "muscle  giant  cells," 
i.e.,  large  multinucleated  cell  masses  of  a 
type  approaching  the  structure  of  volun- 
tary muscle  fibers.  After  13  to  20  months 
of  culture  in  vitro  the  cells  produced  tu- 
mors but  no  giant  cells.  The  interpretation 
of  this  interesting  observation  is  that  the 
malignant  cells,  which  Dr.  Lewis  con- 
siders to  be  myoblasts  (embryonic  muscle 
cells),   to   which   the  tumor   had   reduced 
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itself  during  the  long  period  of  rat-to-rat  Both    these    investigations    on    tumors 

transfer  regained  on  cultivation  in  vitro  were  aided  by  a  grant  to  Dr.  W.  H.  Lewis 

and  then  again  lost  their  ability  to  form  from   the   International   Cancer   Research 

muscle  giant  cells.  Foundation. 


NUTRITION 


Hexoses  and  the  Respiratory  Exchange 
in  Monkeys 

Several  years  ago  Dr.  Thorne  M.  Car- 
penter, of  the  Nutrition  Laboratory  of  the 
Carnegie  Institution,  and  Dr.  Carl  G.  Hart- 
man,  then  of  the  Department  of  Embry- 
ology, undertook  to  study  the  effects  of 
hexoses  on  the  respiratory  exchange  of 
rhesus  monkeys.  The  investigation  was 
part  of  the  Nutrition  Laboratory's  general 
program  of  research  on  biological  varia- 
tions in  the  response  of  the  respiratory 
exchange  to  ingested  glucose,  levulose,  and 
galactose.  The  results  will  no  doubt  be 
discussed  more  fully  in  the  report  of  the 


Nutrition  Laboratory.  It  will  suffice  to 
state  here  that  in  the  rhesus  monkey  glu- 
cose caused  the  greatest  rise  in  the  respir- 
atory quotient,  fructose  the  next  largest, 
and  galactose  the  least.  This  means  that 
the  proportion  of  heat  production  supplied 
by  carbohydrate  varies  according  to  the 
sugar  burned,  in  the  order  named.  In  man, 
the  order  in  this  respect  is  fructose,  galac- 
tose, and  glucose.  The  specific  dynamic 
action  of  these  sugars  (i.e.,  the  percentage 
relation  between  the  fuel  value  of  the  sugar 
and  the  increase  in  heat  production)  aver- 
aged 9  to  ii  per  cent,  which  is  a  little 
higher  than  in  human  subjects. 


COMPARATIVE  ANATOMY  OF  PRIMATES 


Age  Changes  and  Variability  in  Gibbons 

The  present  year  has  seen  the  publication 
of  a  notable  addition  to  the  series  of  studies 
by  Dr.  Adolph  H.  Schultz,  of  the  Depart- 
ment of  Anatomy,  Johns  Hopkins  Medical 
School,  on  the  anatomy,  growth,  and  varia- 
tions of  the  primates.  Dr.  Schultz'  work 
naturally  stands  in  close  relationship  with 
the  program  of  investigation  of  embry- 
ology of  the  primates  which  is  one  of  the 
major  interests  of  this  Department.  The 
present  contribution  was  aided  by  a  grant 
made  by  the  Carnegie  Institution  toward 
Dr.  Schultz'  expenses  as  a  member  of  the 
Asiatic  Primate  Expedition  of  1937. 

The  report  on  the  gibbons  is  based  on 
277  skeletons  of  various  species,  of  which 
.233  represent  Hylobates  lar  from  the  dis- 
trict of  Chiengmai  in  Siam.  All  ages  from 
fetal  life  to  old  age  are  represented.  It  is 
the   largest   group    representing   any   one 


anthropoid  ape,  or  indeed  any  one  primate 
species  other  than  man  and  the  rhesus 
monkey,  to  be  subjected  to  systematic 
metric  study.  The  specimens,  in  fact,  con- 
stitute a  "population  sample"  useful  for 
study  of  age  changes  and  the  degrees  of 
variability  in  this  manlike  ape.  The  gib- 
bon is  the  only  anthropoid  ape  which  sur- 
vives in  numbers  sufficient  to  provide  sta- 
tistically adequate  material. 

It  is  not  possible  to  discuss  here  all  the 
findings  of  Dr.  Schultz,  whose  summary 
alone  occupies  ten  pages.  Some  of  the 
more  generally  interesting  conclusions  fol- 
low. Adulthood  in  gibbons  is  reached  to- 
ward the  end  of  the  9th  year.  The  weight 
at  birth  is  about  400  grams.  The  average 
body  weight  of  adults  is  5.3  kg.  in  females, 
5.7  kg.  in  males.  The  ratio  of  birth  weight 
to  the  weight  of  the  adult  female,  6.7  per 
cent,  is  the  highest  known  among  primates. 
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After  detailing  the  changes  in  bodily  pro- 
portions during  growth  and  adult  life,  Dr. 
Schultz  remarks  that  with  few  exceptions 
the  bodily  proportions  of  gibbons,  spider 
monkeys,  macaques,  proboscis  monkeys, 
orangutans,  chimpanzees,  and  men  are 
much  more  similar  during  fetal  than  dur- 
ing adult  life.  The  variability  of  structure 
of  gibbons,  even  within  the  geographically 
limited  series  from  Chiengmai,  is  as  great 
as  that  of  individuals  in  average  human 
series.  The  sequence  of  eruption  of  the 
deciduous  teeth  differs  from  that  in  the 
great  apes,  and  agrees  with  that  in  catar- 
rhine  monkeys  and  man,  in  that  the  ca- 
nines appear  before  the  second  molars. 
The  sequence  of  eruption  of  the  permanent 
teeth  agrees  with  that  characteristic  of  the 


great  apes,  but  differs  significantly  from 
that  found  in  recent  man. 

Anomalies  and  malformations  of  the 
skeleton  are  frequent.  One  or  more  abnor- 
malities in  the  skeleton  and  dentition  occur 
in  nearly  half  the  individuals  of  the  wild 
gibbons  from  Chiengmai.  Pathological 
conditions  in  the  teeth  and  bones  become 
steadily  more  numerous  with  advance  in 
age  and  exposure  to  the  hazards  of  living. 
In  a  total  of  104  senile  gibbons,  55  had  at 
least  one  diseased  tooth  or  alveolus.  In  the 
Chiengmai  series  there  were  115  healed 
fractures  of  bones.  One  individual  suc- 
ceeded in  repairing  seven  fractures  (jaw, 
fibula,  and  five  ribs). 

The  article  is  illustrated  with  numerous 
vivid  pen  drawings  by  Dr.  Schultz. 
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DEPARTMENT  OF  GENETICS 

Cold  Spring  Harbor,  Long  Island,  New  Yor\ 
M.  DEMEREC,  Director 

Dr.  Charles  Benedict  Davenport,  organ-  in  genetics  which  he  helped  to  stimulate 

izer  of  this  Department,  its  Director  until  on   the  part  of  the  Carnegie   Institution, 

his  retirement  in  1934,  and  Research  Asso-  This  resulted  in  substantial  financial  sup- 

ciate  during  the  past  ten  years,  died  on  port  for  research,  which  came  at  a  critical 

February   18,   1944.    With   his  death,  the  time     and     brought     impressive     returns. 

Department  and  our  scientific  community  Many  of  the  American  pioneer  geneticists 

lost  a  member  of  outstanding  qualities.  were  helped  by  grants  from  the  Institution 

This  Department  was  among  the  first  to  (among  these,  W.  E.  Castle,  E.  B.  Wilson, 
be  established  by  the  Institution.  In  1902  T.  H.  Morgan,  C.  B.  Bridges,  A.  H.  Sturte- 
Dr.  Davenport  was  one  of  two  biologists  vant,  C.  E.  McClung,  R.  Pearl,  H.  E. 
whose  plans  for  research  in  biology  were  Crampton,  E.  B.  Babcock,  H.  D.  Goodale, 
considered  by  the  Trustees  (Year  Book  L.  R.  Dice,  and  F.  B.  Sumner) ;  and  it 
No.  1,  1902).  His  plan  was  accepted,  and  seems  probable  that  this  aid  has  contrib- 
in  1904  he  was  given  an  opportunity  to  uted  significantly  to  the  development  of 
organize  a  laboratory  at  Cold  Spring  genetics  in  the  United  States  and  has 
Harbor.  The  new  laboratory  was  named  helped  to  establish  genetic  research  in  the 
"Station  for  Experimental  Evolution,"  and  leading  position  it  now  occupies, 
its  main  program  consisted  of  studies  in  During  the  year  covered  by  this  report 
heredity,  development,  and  evolution.  All  the  Department  lost  two  other  members 
this  happened  only  four  years  after  the  through  death.  George  Macarthur,  super- 
rediscovery  of  Mendel's  laws,  at  the  time  intendent  of  buildings  and  grounds,  who 
when  the  new  science  of  genetics  was  in  had  been  employed  by  the  Department 
its  early  formative  stages.  It  is  proof  of  since  1914,  died  on  October  4,  1943;  and 
Davenport's  courage,  and  of  the  vision  Miss  Alice  M.  Hellmer,  artist  and  photog- 
of  the  Trustees,  that  the  program  of  the  rapher  with  the  Department  since  1921, 
newly  established  laboratory  dealt  with  died  on  August  13,  1944.  Both  deaths  came 
problems  which  were  at  that  time  novel  unexpectedly  and  were  felt  as  a  great  loss 
and  untried.  The  young  science  of  genetics  to  the  Department. 

was  then  passing  through  its  first  crisis.  On  July  1  the  resignation  of  Dr.  Morris 

Biologists  were  unused  to  the  quantitative  Steggerda  became  effective,  when  he  took 

methods  and  inductive  approach  to  prob-  up  his  new  position  as  professor  of  anthro- 

lems   introduced   by   genetics;   and   it   re-  pology  at  the  Kennedy  School  of  Missions, 

quired  considerable  effort  on  the  part  of  a  division  of  the  Hartford  Seminary  Foun- 

pioneers  in  the  new  science  to  accumulate  dation.   During  the  years  he  had  spent  at 

experimental  proof  of  the  validity  of  its  this  Department,  since  June  1930,  Dr.  Steg- 

basic  assumptions.   Davenport  was  one  of  gerda  had  participated  in  work  on  a  num- 

these   pioneers.    He   made   an   important  ber   of   important    research   projects.    He 

contribution    to   early   genetics,    not   only  collaborated  with  Dr.  Davenport  in  studies 

through  his  own  work  and  that  of  this  of  race  crossing  in  Jamaica,  took  part  in 

Department,  but  also  through  the  interest  investigations  of  Maya  Indians  in  Yuca- 
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tan,  and  carried  on  anthropometric  and 
anthropological  studies  among  Navajo  and 
Maya  Indians,  Dutch-American  families 
in  Michigan,  and  southern  Negroes.  It  is 
expected  that  in  his  new  position  Dr.  Steg- 
gerda  will  have  many  opportunities  for 
extending  these  studies  throughout  a  wider 
field. 

Throughout  this  year  several  members 
of  the  Department  were  engaged  in  re- 
search related  to  the  war  effort.  Potter 
spent  full  time  on  the  cooperative  project 
with  the  Biological  Laboratory,  under  con- 
tract with  the  Chemical  Warfare  Service. 
In  addition,  Demerec  took  part  in  this 
work  and  MacDowell  provided  experi- 
mental animals  from  his  mouse  colony. 
Fano  has  been  working  part  time  since 
December  16,  1943,  and  full  time  since 
May  1,  1944,  at  the  Ballistic  Research 
Laboratory.  Under  a  contract  with  the 
War  Production  Board,  Demerec,  San- 
some,  and  Warmke,  with  the  help  of 
several  assistants,  have  carried  on  research 
related  to  the  production  of  penicillin. 

As  a  war  emergency  project,  Warmke 
began  in  1942,  in  cooperation  with  the 
Bureau  of  Plant  Industry  of  the  U.  S. 
Department  of  Agriculture,  an  attempt 
to  produce  a  strain  of  fiber  hemp  with 
reduced  marihuana  content.  He  now  has 
several  strains  which  differ  in  average 
marihuana  content  by  a  factor  of  nearly  4. 
The  low-content  strains  are  significantly 
less  toxic  than  the  parental  stocks  from 
which  they  were  derived,  and  may  be 
approaching  a  level  where  they  would  be 
of  little  value  to  the  illicit  drug  traffic. 
In  an  effort  to  determine  the  site  of  syn- 
thesis of  the  marihuana  drug  in  the  hemp 
plant,  grafts  were  made  in  which  hop 
strains  were  joined  to  hemp  roots  at  the 
ground  level.  It  was  found  that  in  such 
combinations  large  quantities  of  the  drug 
are  synthesized  and  translocated  into  the 
normally  nontoxic  hop  leaves.   Warmke's 


studies  on  the  sex  mechanism  in  hemp 
have  revealed  a  new  type  of  balance  be- 
tween male  and  female  genes.  The  classes 
3A  XXY  and  4A  XXXY  are  female  or 
female-hermaphrodite  in  hemp;  in  other 
forms  studied,  including  Melandrium  and 
Silene,  these  classes  are  male  or  male- 
hermaphrodite.  Continuing  investigations 
on  sex  in  Melandrium,  he  obtained  evi- 
dence from  a  study  of  spontaneous  aberra- 
tions of  the  Y  chromosome  for  at  least 
two  regions  of  major  importance  in  the 
development  of  maleness.  One  of  these 
regions  appears  to  be  near  the  centromere, 
and  is  responsible  for  the  initiation  of 
anther  and  filament  primordia  and  for 
carrying  male  development  through  meio- 
sis.  The  other  is  probably  distal,  and  is 
responsible  for  the  elongation  of  filaments 
and  for  the  maturation  of  viable  pollen 
grains.  Warmke  found  also  that  experi- 
mental lots  of  tetraploid  plants  of  the  Rus- 
sian dandelion  have  significantly  heavier 
roots  and  a  slightly  higher  rubber  per- 
centage than  comparable  diploids.  Water 
content  of  the  diploid  and  tetraploid  forms 
does  not  differ  significantly. 

During  this  year  McClintock  completed 
studies  of  the  7  pale-yellow-seedling  mu- 
tants and  the  6  white-seedling  mutants 
associated  with  small  terminal  deficiencies 
which  arise  independently  following  break- 
age of  the  short  arm  of  chromosome  9 
in  maize.  To  determine  the  rate  of  pro- 
duction of  these  deficiency  mutants,  3287 
such  chromosomes  were  genetically  tested 
for  the  presence  of  the  pale-yellow-produc- 
ing deficiency  or  the  white-producing  defi- 
ciency. Seventy-seven  of  these  gave  rise  to 
the  pale-yellow  phenotype,  and  48  gave 
rise  to  the  white  phenotype.  The  chromo- 
some-breakage mechanism  is,  thus,  a  means 
of  independently  and  repeatedly  producing 
the  same  mutation.  In  this  respect,  this 
mutation  process  is  a  directed  one.  McClin- 
tock had  found  earlier  that  the  chromatid 
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and  chromosome  breakage-fusion-bridge 
cycles  sometimes  produce  internal  defi- 
ciencies within  the  short  arm  of  chromo- 
some 9,  as  well  as  the  more  frequent  termi- 
nal deficiencies.  Since  some  mutations  are 
known  to  be  the  consequence  of  homozy- 
gous deficiencies,  it  might  be  expected  that 
mutations  other  than  pale-yellow  or  white 
could  arise  from  these  breakage  mecha- 
nisms. Among  a  number  of  mutants  which 
are  being  investigated,  a  frequently  appear- 
ing type  resembles  in  detail  the  recessive 
mutant  yg-2,  known  to  be  located  within 
the  terminal  chromomere  of  the  short  arm 
of  chromosome  9.  Tests  conducted  with 
several  of  these  indicate  that  they  are 
allelic,  if  not  identical,  with  each  other 
and  with  yg-2,  and  that  they  are  likewise 
allelic  with  and  dominant  over  the  white- 
seedling  mutant.  Another  internal  defi- 
ciency within  the  short  arm  of  chromosome 
9,  which  included  the  Bz  locus,  has  pro- 
duced the  bronze  {bz)  phenotype  in  tis- 
sues that  are  homozygous  for  this  defi- 
ciency. In  contrast  with  the  abundant 
purple  or  red  pigments  of  the  Bz  plants, 
the  bz  plants  have  reduced  amounts  of 
purple  or  red  pigments  and,  in  addition, 
considerable  quantities  of  brown  pigment. 
Although  chemical  tests  have  not  been 
conducted  yet,  it  is  possible  that  a  muta- 
tion to  bz  or  a  homozygous  deficiency 
for  the  Bz  locus  results  in  a  disturbance 
of  the  interrelated  synthesis  of  anthocyanin 
(purple  or  red  pigments)  and  of  anthox- 
anthin  (yellow  or  brown  pigments)  in 
the  cell. 

Kaufmann  has  continued  with  studies  on 
the  linear  organization  of  the  chromo- 
some, and  has  plotted  the  positions  of 
more  than  1100  X-ray-induced  breaks  along 
the  X  chromosome  of  Drosophila  melano- 
gaster.  He  is  also  accumulating  extensive 
data  concerning  the  nature  and  the  extent 
of  association  between  discs  at  different 
loci    of   the    salivary-gland   chromosomes, 


in  an  effort  to  locate  intercalary  hetero- 
chromatin  and  to  determine  the  types  of 
changes  which  occur  within  the  chromo- 
somes of  this  species  in  phylogeny. 

The  study  undertaken  by  Kaufmann,  in 
cooperation  with  Miss  Gay  and  A.  Hol- 
laender,of  the  National  Institute  of  Health, 
of  the  range  of  variability  in  the  frequency 
of  mitoses  in  the  epithelium  of  the  cornea 
has  now  been  completed,  and  the  ground- 
work laid  for  appraising  effects  produced 
on  the  mitotic  process  by  short-wave  radia- 
tions and  various  pharmacological  agents. 

Demerec  and  Fano  made  a  quantitative 
study  of  mutations  in  the  B  strain  of 
Escherichia  coli  resulting  in  resistance  to 
seven  bacteriophages.  Analysis  of  about 
750  mutants  showed  that  they  fall  into 
groups;  that  is  to  say,  that  frequently  a 
mutant  resistant  to  a  certain  phage  is  also 
resistant  to  one  or  two  of  the  other  phages. 
Mutants  quite  often  differ  from  one  an- 
other in  the  size  of  colony  that  they  form. 
Some  form  large  colonies,  similar  to  those 
of  the  original  strain,  and  others  have 
small  or  medium-sized  colonies.  All  to- 
gether, about  twenty  different  mutant  types 
showing  some  degree  of  resistance  to  seven 
phages  were  detected.  Since  it  would  be 
possible  to  isolate  many  more  phages  affect- 
ing the  B  strain,  it  is  evident  that  the  actual 
number  of  mutants  affecting  resistance  is 
considerably  larger. 

The  origin  of  resistance  to  penicillin 
was  investigated  in  Staphylococcus  aureus 
by  Demerec.  It  was  found  that  strains 
resistant  to  increasingly  higher  concentra- 
tions can  be  produced  by  selection.  Experi- 
mental evidence  indicates  that  resistance  is 
acquired  through  mutation. 

Experimenting  with  the  effect  of  ultra- 
violet irradiation  of  wave  length  2537  A 
on  the  B  strain  of  E.  coli,  Mrs.  Witkin 
found  that  a  strain  more  resistant  to  this 
radiation  than  the  original  B  strain  can 
readily  be  induced.  Her  data  suggest  that, 
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in  this  case  also,  mutation  may  be  respon- 
sible for  the  increased  resistance. 

Radiation  experiments  with  Neurospora, 
carried  on  by  Sansome,  Demerec,  and  Zim- 
mer,  in  cooperation  with  A.  Hollaender, 
have  been  completed;  and  the  material  is 
now  ready  for  publication.  Mrs.  Sansome 
treated  spores  of  Penicillium  notatum  with 
X  rays,  and  found  that  morphologically 
detectable  mutants  can  readily  be  induced, 
and  that  the  frequency  of  mutants  increases 
with  the  dosage,  reaching  45  per  cent  at 
100,000  roentgens. 

S.  E.  Luria,  of  Indiana  University,  work- 
ing at  the  Department  during  part  of  the 
summer  of  1944,  continued  studies  of  mu- 
tations in  bacteriophages.  In  attempting  to 
induce  mutations  by  ultraviolet  irradiation, 
he  discovered  that  radiation  produces  a 
marked  delay  in  the  reproduction  of 
phages.  This  is  the  first  time  that  a  physio- 
logical, nonhereditary  action  of  radiation 
on  viruses  has  been  observed. 

For  a  number  of  years,  even  while  he 
was  located  at  the  California  Institute  of 
Technology,  a  close  relation  has  existed 
between  Th.  Dobzhansky  and  the  mem- 
bers of  this  Department.  In  1936,  and 
again  in  1938,  he  spent  a  summer  with  us 
as  a  guest  investigator.  When  Dobzhansky 
came  to  Columbia  University,  in  1940,  our 
opportunities  for  contact  were  greatly  in- 
creased; and  he  is  now  regarded  as  one 
of  the  members  of  our  group.  Since  his 
work  complements  ours,  it  seems  appro- 
priate to  include  with  the  reports  of  this 
Department  the  statement  Dobzhansky  is 
submitting  as  a  Research  Associate  of  the 
Institution.  His  report  on  last  year's  work 
has  not  yet  been  published,  owing  to  his 
sojourn  in  Brazil  during  the  greater  part 
of  1943;  and  therefore  the  report  begin- 
ning on  page  120  covers  a  two-year  period. 
During  this  period  Dobzhansky  completed 
a  study  on  the  genetics,  taxonomy,  and 
ecology  of  flies  related  to  Drosophila  pseu- 


doobscura  (Carnegie  Institution  of  Wash- 
ington Publication  554).  The  main  part 
of  this  study  is  concerned  with  a  clarifica- 
tion of  the  concept  of  biological  race,  and 
with  methodology  of  racial  studies.  Races 
are  defined  as  "populations  of  a  species 
which  differ  in  the  incidence  of  one  or 
more  variable  genes  or  chromosome  struc- 
tures." There  exist  races  of  quite  different 
orders,  beginning  with  the  local  popula- 
tions, which  differ  from  one  another  only 
slightly  in  the  frequency  of  a  single  or  of 
a  few  genes,  and  progressing  to  sharply 
distinct  groups,  which  approach  the  status 
of  separate  species.  In  any  case,  the  intra- 
racial  and  the  interracial  variabilities  are 
commensurable,  and  the  genetic  constitu- 
tion of  an  individual  is  only  partially 
determined  by  that  of  the  race  from  which 
it  came.  The  work  on  the  dynamics  of 
natural  populations  of  D.  psendoobscura 
led  to  the  discovery  of  rhythmic  altera- 
tions in  the  composition  of  local  popula- 
tions inhabiting  Mount  San  Jacinto,  in 
California.  Certain  chromosome  structures 
present  in  these  populations  become  more 
frequent  and  others  less  so  at  different 
seasons  of  the  year.  These  alterations  ap- 
pear to  be  due  to  the  fact  that  the  different 
chromosomes  have  different  environmental 
optima;  that  is,  some  are  more  favorable 
under  summer  conditions,  and  others  in 
winter  or  in  spring.  The  species,  accord- 
ingly, changes  from  season  to  season  under 
the  influence  of  natural  selection.  An  ap- 
paratus has  been  constructed  by  Dob- 
zhansky which  permits  propagation,  in 
the  laboratory,  of  artificial  populations  con- 
sisting of  variants  encountered  in  natural 
populations.  Such  artificial  populations 
may,  then,  be  subjected  to  controlled  en- 
vironmental changes,  and  attempts  may 
be  made  to  reproduce  in  the  laboratory 
the  elementary  evolutionary  changes  ob- 
served outdoors.  These  attempts  have  been 
partially  successful;  changes  analogous  to 
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those  that  take  place  in  nature  during  the  physiological  relation  with  the  disease, 
summer  months  can  be  induced  under  With  all  recognized  influences  upon  Ion- 
certain  conditions  in  the  laboratory  popu-  gevity  accounted  for,  there  remains,  in  the 
lations,  whereas  under  other  conditions  the  experiment  designed  for  this  purpose,  evi- 
laboratory  populations  remain  constant,  dence  of  genetic  control  of  an  underlying 
The  seasonal  climatic  changes  in  the  com-  tendency,  or  susceptibility,  to  leukemia, 
position  of  natural  populations  of  species  The  development  of  endosteal  bone  fol- 
that  inhabit  temperate  or  cold  countries  lowing  dosage  with  estrogenic  hormone 
may  have  important  repercussions  on  the  has  been  shown  by  Riddle,  Rauch,  and 
evolutionary  patterns  of  these  species.  A  Smith  to  occur  in  the  absence  of  the  para- 
logical question  to  ask  is  whether  the  thyroid  glands.  This  kind  of  bone  was 
genetic  structure  of  species  inhabiting  trop-  known  to  develop  in  estrogen-treated  mam- 
ical  countries,  where  the  seasonal  climatic  mals  or  birds  of  both  sexes,  and  to  develop 
changes  are  relatively  small,  may  not  be  cyclically  in  female  birds  without  treat- 
characteristically  different  from  that  ob-  ment;  but  it  had  been  assumed  that  the 
served  in  inhabitants  of  temperate  lands,  parathyroid  glands  also  were  essential  to 
A  program  of  studies  on  the  genetics  of  this  process.  It  was  reported  last  year  that 
tropical  species  of  Drosophila  was  inaugu-  the  parathyroids  take  no  part  in  the  great 
rated  by  Dobzhansky  in  1943,  when  col-  increase  of  the  "bound"  calcium  of  the 
lections  were  made  in  several  parts  of  blood  which  follows  the  injection  of  es- 
Brazil,  including  the  Amazon  Valley,  trogen.  The  exact  form  in  which  this 
Some  of  the  Brazilian  species  proved  to  "bound"  calcium  exists  in  the  blood  has 
be  quite  suitable  for  further  more  intensive  remained  in  much  doubt,  and  was  made 
investigations.  the  subject  of  special  study  by  McDonald 
The  role  of  longevity  in  the  incidence  and  Riddle.  The  evidence  obtained  to  date 
of  spontaneous  mouse  leukemia  has  been  makes  it  seem  highly  probable  that  the 
found  by  MacDowell,  Taylor,  and  Laanes  larger  part  of  the  "bound"  calcium  is  at- 
to  be  far  more  complex  than  had  been  tached  to  the  phosphoprotein,  serum  vitel- 
supposed.  Within  the  data  available,  Ion-  lin.  This  particular  protein  was  earlier 
gevity  is  seen  to  be  dependent  on  numer-  known  to  increase  greatly  in  the  blood  at 
ous  variables,  both  genetic  and  nongenetic;  the  time  of  ripening  of  eggs  in  egg-laying 
and  the  relation  of  these  variables  to  the  vertebrates,  and  also  to  serve  as  a  binder 
incidence  of  leukemia  is  diverse.  Longevity  for  some  of  the  excess  phosphorus  which 
factors  that  are  specific  for  any  particular  then  appears  in  the  blood.  Results  of  the 
cause  of  death,  whether  this  is  leukemia  or  present  study  indicate  that  this  binding  of 
not,  will  modify  the  incidence  of  leukemia;  phosphorus  by  serum  vitellin  at  egg-laying 
but  nonspecific  factors  that  operate  on  extends  also  to  a  part  of  the  excess  of 
all  causes  of  death  will  not,  when  acting  plasma  phosphorus  which  results  from  in- 
alone,  modify  incidence.  Nonspecific  fac-  jections  of  pure  estrogen.  Thus  the  evi- 
tors,  however,  when  acting  together  with  dence  obtained  indicates  that  part  of  the 
specific  factors,  may  appear  to  modify  the  excess  of  both  calcium  and  phosphorus  is 
incidence  of  leukemia,  as  when  a  general,  bound  to  the  same  blood  protein,  and  that 
nonspecific  resistance  reduces  a  specific  this  occurs  under  two  conditions  which 
susceptibility.  Thus  a  given  longevity  fac-  are  known  to  produce  an  excess  of  these 
tor  may  be  associated  with  the  incidence  minerals  in  the  blood, 
of  leukemia  in  the  absence  of  any  direct  During  the  past  two  years,  Fano  has  had 
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occasion  to  re-examine  the  data  contained 
in  Report  Number  One  of  the  Survey  of 
the  Human  Resources  of  the  State  of  Con- 
necticut (see  Year  Book  No.  38,  1938- 
1939),  and  to  report  his  findings  to  a  meet- 
ing of  the  Commission,  headed  by  the 
Honorable  F.  C.  Walcott,  which  had 
earlier  been  appointed  in  connection  with 
the  Survey.  These  findings  indicated  that 
there  was  particular  need  for  close  investi- 
gation of  at  least  some  group  of  the  moron 
class  within  the  feeble-minded  population 
of  Connecticut.  An  appropriation  was  then 
made  by  the  Institution  for  resumption  of 
work  in  this  direction.  This  work  will  be 
supervised  jointly  by  Fano  and  Miss  Mabel 
A.  Matthews,  director  of  the  Social  Service 
Department  of  the  Mansiield-Southbury 
Training  Schools.  A  research  assistant  has 
been  appointed  to  carry  out  the  work, 
which  was  begun  on  July  i,  1944. 

As  a  result  of  close  collaboration  with 
the  Biological  Laboratory,  a  number  of 
geneticists  spent  the  summer  with  us,  mak- 
ing use  of  the  facilities  of  both  the  Labora- 
tory and  the  Department.  These  included 


Max  Delbrikk,  of  Vanderbilt  University, 
Th.  Dobzhansky,  of  Columbia  University, 
Myron  Gordon,  of  the  New  York  Zoolog- 
ical Society,  S.  E.  Luria,  of  Indiana  Uni- 
versity, Ernst  Mayr,  of  the  American  Mu- 
seum of  Natural  History,  James  Neel  and 
Curt  Stern,  of  the  University  of  Rochester, 
and  Jack  Schultz,  of  the  Lankenau  Hos- 
pital Research  Institute. 

In  1940  this  Department  made  available 
a  selected  set  of  Drosophila  stocks  to  lay- 
men and  to  students  of  biology  for  simple 
experimentation  in  genetics.  At  the  same 
time,  Demerec  and  Kaufmann  prepared  a 
small  pamphlet  giving  essential  informa- 
tion for  conducting  experiments.  During 
the  four  years  this  project  has  been  in 
operation,  a  considerable  number  of  high 
schools,  and  even  a  few  colleges,  have 
availed  themselves  of  the  opportunity  of- 
fered. A  total  of  1 1 16  cultures  have  been 
shipped  to  426  high  schools  and  to  43  col- 
leges. The  war  had  no  appreciable  effect 
on  the  demand  for  this  service.  The 
pamphlet,  published  by  the  Institution,  is 
now  in  its  third  edition. 
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Bacteriophage-Resistant  Mutants 

Changes  to  bacteriophage  resistance  have 
been  known  to  be  fairly  specific,  inasmuch 
as  each  observed  change  usually  involves 
resistance  to  only  some  of  the  phage  strains 
capable  of  attacking  the  original  strain 
of  bacteria.  The  problem  of  resistance  in 
bacteria  therefore  offers  an  unusual  oppor- 
tunity for  a  quantitative  study  of  the  oc- 
currence of  specific  types  of  mutants,  which 
outweighs  the  disadvantage  of  not  being 
able  to  check  the  behavior  of  the  mutants 
during  a  sexual  process.  Such  a  study  was 
undertaken  by  Demerec  and  Fano,  assisted 
by  Miss  Sturtevant  and  Mrs.  Buchanan.  A 


detailed  description  of  this  work  is  in 
press,  and  only  a  brief  summary  will  be 
given  here. 

In  a  single  strain  (B)  of  Escherichia  coli, 
changes  to  resistance  to  seven  strains  of 
bacteriophage  (Ti  to  T7)  were  studied.  A 
total  of  377  mutants  was  investigated,  and 
eight  different  groups  were  detected.  Five 
of  these— B/i,  B/1,5,  B/3,4,  B/3,4,7,  and 
B/6 — occur  with  higher  frequency  than 
the  other  three — B/1,3,4,5,  B/6,1,5,  and 
B/7,1,3,4,5.  (The  numbers  following  the 
bar  indicate  the  phages  to  which  the  mu- 
tant is  resistant.)  In  addition,  364  mutants 
were  derived  from  lines  already  resistant 
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to  one  or  more  phages.  The  cross-resistance 
pattern  in  these  tests  does  not  significantly 
differ  from  the  pattern  obtained  in  the 
previous  experiments,  where  mutants  were 
derived  from  the  sensitive  B  strain. 

The  rate  of  mutation  to  B/(i,5)  was 
approximately  io~8,  to  6/(3,4)  between 
io~8  and  io"7,  and  to  B/6  slightly  higher. 
The  rate  of  mutation  to  resistance  to  a 
given  phage  is  similar  for  the  B  strain  and 
for  strains  already  resistant  to  some  other 
phage  or  phages.  These  results  indicate 
that  mutations  to  different  resistance  types 
are  independent  of  one  another  and  are 
probably  produced  by  changes  comparable 
to  gene  mutations. 

Extensive  tests  made  with  34  different 
mutants  representative  of  the  material  used 
in  this  work  indicate  that  the  growth  rates 
of  mutants  do  not  differ  systematically 
from  that  of  the  original  B  strain,  when 
they  are  grown  together  with  it. 

Evidence  indicates  that  complex  mutants 
resistant  to  two  or  more  phages  may  be 
obtained  from  B,  either  by  means  of  a 
single  mutational  step  or  through  summa- 
tion of  two  or  more  changes. 

It  was  found  that  mutants  frequently 
show  morphological  differences  in  colony 
size,  which  breed  true.  At  least  three 
colony  sizes  can  be  distinguished  for  each 
of  the  eight  types  of  mutants;  namely, 
large,  small,  and  tiny  colonies.  All  together, 
about  20  distinguishable  mutant  types 
showing  some  degree  of  resistance  to  our 
seven  phages  appeared  in  our  experiments. 
Since  many  more  phages  affecting  the  B 
strain  could  be  isolated,  it  is  evident  that 
the  actual  number  of  mutants  affecting 
resistance  is  considerably  larger.  A  correla- 
tion between  colony  size  and  resistance 
type  was  noted.  The  frequency  of  small- 
colony  types  is  higher  among  6/(3,4,7) 
than  among  6/(3,4)  mutants. 


Penicillin-Resistant  Strains 

A  quantitative  study  on  the  origin  of 
penicillin-resistant  strains  in  Staphylococ- 
cus aureus  was  carried  out  by  Demerec. 
An  effective  technique  for  quantitative 
determination  of  resistance  was  developed, 
which  consisted  in  growing  bacteria  in 
nutrient  agar  to  which  sodium  salt  of  peni- 
cillin was  added  to  give  the  desired  con- 
centration of  penicillin  in  terms  of  Oxford 
units  per  cubic  centimeter. 

The  strain  of  Staphylococcus  used  in 
these  experiments  is  not  affected  by  peni- 
cillin in  concentrations  up  to  0.01  units. 
The  killing  rate  increases  rapidly  with  in- 
crease in  the  concentration,  so  that  at  a 
concentration  of  0.1  units  practically  all 
bacteria  are  killed.  At  0.0625,  about  one 
per  million,  on  the  average,  survives.  Tests 
made  with  38  of  these  survivors  showed 
that  all  of  them  are  resistant  to  the  0.0625 
concentration,  and  that  at  0.125  a  few  of 
them  survive.  By  selecting,  the  strains  re- 
sistant to  0.125  were  isolated;  and  by  fur- 
ther repeated  selections,  strains  resistant  to 
0.25  and  to  0.5  were  developed.  Resistant 
strains  retained  their  resistance  when 
passed  through  ten  transfers  in  broth  and 
when  kept  in  agar-slant  cultures  for  about 
three  months.  These  experiments  indi- 
cated that  strains  resistant  to  penicillin 
can  be  developed  and  that  resistance  can 
be  built  up  by  selection. 

The  question  of  how  resistance  is  pro- 
duced was  next  investigated.  Is  the  change 
in  bacteria  induced  by  the  action  of  the 
penicillin,  or  does  it  originate  independ- 
ently of  the  penicillin,  by  a  process  similar 
to  mutation,  and  the  penicillin  act  only 
as  a  selective  agent  in  isolating  mutants? 
Simple  experimentation  furnished  a  fairly 
conclusive  answer  to  this  question.  The 
technique  used  in  all  experiments  was  such 
that  penicillin  came  into  contact  with  the 
bacteria  only  when  tests  for  resistance  were 


no 
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made.  All  bacterial  cultures  were  grown 
in  a  penicillin-free  medium.  In  these  ex- 
periments, cultures  were  started  from  a 
small  inoculum  containing  less  than  300 
bacteria  per  cubic  centimeter,  and  grown 
to  about  300  million  per  cc.  A  number  of 
samples,  of  about  150  million  bacteria  each, 
were  taken  from  one  culture;  and  each 
sample  was  plated  on  a  nutrient  agar  con- 
taining 0.0625  units  per  cc.  of  penicillin, 
in  order  to  determine  the  number  of  re- 
sistant bacteria  in  each  sample.  Similar 
samples  were  taken  from  other  independ- 
ent cultures,  one  from  each  culture,  and 
the  number  of  resistant  bacteria  deter- 
mined. If  the  resistance  had  been  induced 
through  the  contact  of  bacteria  with  peni- 
cillin, it  would  be  expected  that  the  number 
of  resistant  bacteria  per  plate  would  be 
similar  in  all  samples,  and  that  variation 
would  follow  a  Poisson  distribution.  If,  on 
the  other  hand,  the  resistant  bacteria  had 
originated  by  mutation,  and  the  mutations 
had  occurred  at  random,  then  it  would  be 
expected  that  in  some  cultures  they  might 
occur  early  and  produce  a  large  proportion 
of  mutants,  and  that  in  others  they  might 
occur  late  and  give  rise  to  a  small  number 
of  mutants.  In  this  case,  the  variability 
between  samples  taken  from  independent 
cultures  would  be  expected  to  be  greater 
than  the  variability  between  samples  taken 
from  one  culture.  This  was  found  to  be 
true  to  a  significant  degree,  indicating  that 
resistance  to  penicillin  had  originated 
through  mutation. 

If  the  change  to  resistance  is  a  genetic 
change,  then  the  effect  of  selection  on 
increase  of  resistance  can  readily  be  ex- 
plained by  the  assumption  that  many 
"genes"  affect  resistance,  and  that  their 
effect  is  additive. 

It  may  be  of  interest  to  note  that  the 
progress  in  the  building  up  of  resistance 
is  more  rapid  with  each  selection  step.  For 
example,  almost  all  bacteria  of  the  original 
strain  are  killed  at  a  concentration  of  0.1 


unit,  those  of  the  first-step  resistant  strain 
at  about  0.14  unit,  of  the  second-step  re- 
sistant strain  at  about  0.28  unit,  of  the 
third-step  resistant  strain  at  about  0.6  unit, 
and  of  the  fourth-step  resistant  strain  at 
about  2  units.  This  observation  may  be 
of  considerable  importance  in  the  planning 
of  therapeutic  treatment  with  penicillin, 
since  it  suggests  that  in  order  to  avoid  a 
building  up  of  resistant  strains,  it  is  im- 
perative that  treatment  be  begun  with  a 
concentration  that  is  high  enough  to  elimi- 
nate all  bacteria  of  the  strain  against  which 
treatment  is  used. 

Ultraviolet  Resistance 

In  an  experiment  carried  on  by  Mrs. 
Evelyn  Maisel  Witkin,  strain  B  of  Esche- 
richia coli  was  irradiated  with  ultraviolet 
light  at  a  series  of  dosages.  A  germicidal 
lamp  manufactured  by  General  Electric 
Company,  which  emits  ultraviolet  radia- 
tion of  wave  length  2537  A,  was  used  in 
these  experiments.  Colonies  developing 
from  survivors  of  the  higher-dosage  treat- 
ments, where  killing  is  of  the  order  of 
99.98  per  cent,  were  isolated  and  cultured 
in  broth.  These  cultures  were  found  to  be 
relatively  resistant  to  the  bactericidal  action 
of  ultraviolet  rays.  The  resistance  of  strains 
so  established  was  maintained  unchanged 
through  more  than  thirty  broth  subcul- 
tures, and  for  a  period  of  two  months  on 
agar.  It  may  therefore  be  considered  a 
stable  heritable  character. 

Survival  curves  for  the  normal  and  re- 
sistant strains  were  established.  Samples 
were  taken  from  24-hour  aerated  broth 
cultures,  diluted  in  broth,  and  spread  on 
the  surface  of  agar  plates  so  that  half  of 
each  plate  was  spread  with  the  normal 
sample  and  half  with  the  resistant  sample. 
The  plates  were  irradiated  immediately 
after  spreading,  at  a  constant  voltage  and 
distance  from  the  source.  Dosage  was  de- 
termined by  the  time  of  exposure.    Non- 
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irradiated  control  samples  were  taken  from  experiment  had  indicated  that  the  ultra- 

the  same  cultures  and  plated  in  the  same  violet  mutation  curve  for  microconidia  of 

way.  Neurospora  crassa  resembles  that  of  the 

The  difference  in  killing  rate  between  spores    of    Trichophyton    mentographytes 

the  two  strains  is  greatest  in  the  first  two  and  certain  other  fungi.  The  curve  reaches 

minutes  of  irradiation.    In  this  range  the  a  peak  at  a  certain  energy  level  and  drops 

rate  of  killing  is  considerably  higher  for  with  a  further  increase  of  energy.    Such 

the  normal  strain.   After  two  minutes  the  behavior   seems  to   indicate  heterogeneity 

killing  rate  of  the  resistant  strain  increases,  either  in  the  amount  of  treatment  received 

and  the  two  curves  become  approximately  by  each  spore  or  in  the  response  of  the 

parallel.  The  change  in  slope  in  the  normal  spores  to   irradiation.    The  conditions  of 

curve  between  one  and  two  minutes  indi-  irradiation  appear  to  preclude  the   possi- 

cates  a  possible  screening  effect,  which  has  bility   of   heterogeneity   of   treatment.    In 

not  yet  been  controlled.    There   is   some  considering  the  possibility  that  the  spores 

evidence,  however,  that  the  normal  samples  are  heterogeneous  in  their  response  to  ul- 

contain  a  proportion  of  resistant  cells  suf-  traviolet  treatment,  the  simplest  hypothesis 

ficient  to  account  for  the  change  in  slope  is  that  a  few  of  the  spores  are  binucleate 

at   these   doses.    This   possibility   will   be  and  that  these  survive  the  high  dosages  and 

further  investigated.  give  normal  phenotypes,  since  any  muta- 

Despite  the  quantitative  nature  of  the  tion  in  one  nucleus  is  covered  by  its  normal 
resistant  character,  the  population  of  a  allele  in  the  other  nucleus.  The  X-ray  re- 
resistant  culture  seems  to  be  genetically  suits,  however,  which  show  a  continuous 
homogeneous.  A  series  of  ten  single-cell  apparently  linear  increase  in  mutation  rate 
cultures  from  the  resistant  strain  were  with  increase  in  dosage,  are  not  in  accord- 
tested  through  the  dosage  series,  and  all  ance  with  this  hypothesis.  There  remains 
gave  survival  curves  identical  with  that  the  possibility  that  the  spores  differ  in  their 
of  the  mass  culture.  capacity    to   absorb    the   ultraviolet   or   to 

The  problem  of  the  origin  of  the  change  give  a  mutational  response  to  it.   In  order 

to  resistance  has  not  yet  been  systematically  to  test  whether  the  age  of  the  spores  had 

investigated.    There  are  preliminary  indi-  any  effect  on  their  response  to  ultraviolet 

cations  that  the  change  is  a  mutation  aris-  treatment,  the   mutation  rates  of  suspen- 

ing  independently  of  ultraviolet  treatment,  sions  of  spores  from  cultures  wetted  down 

For  example,  it  has  been  shown  that  the  one  day  prior  to  treatment  were  compared 

chance    of    recovering    resistant    survivors  witn  those  of  sister  cultures  wetted  down 

from  a  single-cell  normal  culture  increases  two  daYs  previous  to  treatment.    The  re- 

with  the  number  of  divisions  the  culture  is  sults   were   inconclusive.    In   two   experi- 

allowed  to  undergo.  ments  the  younger  spores  gave  the  highest 

mutation  rates,  and  in  two  others  the  older 

Radiation  Experiments  with  Neurospora  sPores  Savf  the,  hlShest  mutation  rat«- 

It  was  thought  that  most  of  the  pheno- 

The   investigations   on   the  effect  of  X  typic    normals    from    spores    subjected    to 

radiation  and  ultraviolet  radiation  in  in-  high    dosages    might    result    from    spores 

ducing  mutations  in  Neurospora  were  con-  which  were  capable  of  giving  chromatid 

tinued   by   Mrs.   Sansome,   Dr.   Demerec,  and  not  chromosome  effects.   This  would 

and  Miss  Zimmer,  in  collaboration  with  lead  to  the  production  of  heterokaryons; 

Dr.  Hollaender,  of  the  National  Institute  that  is,  cultures  containing  more  than  one 

of  Health,  Bethesda,  Maryland.    Previous  kind  of  nucleus.   Some  of  these  would  be 


112 


CARNEGIE  INSTITUTION  OF  WASHINGTON 


balanced  heterokaryons,  consisting  of  two 
types  of  nucleus  each  with  a  different  mu- 
tational change.  Since  each  nucleus  carries 
the  normal  allele  of  the  mutation  in  the 
other  nucleus,  the  heterokaryon  might  be 
expected  to  appear  normal.  If  the  pheno- 
typic  normals  from  high  dosages  result 
from  spores  which  give  only  chromatid 
effects,  a  high  proportion  of  normals  from 
heavily  treated  spores  should  be  balanced 
heterokaryons.  Accordingly,  the  genetic 
constitution  of  49  such  normals  was  ascer- 
tained by  plating  out  and  isolating  micro- 
conidia  obtained  from  them.  Only  one 
was  a  balanced  heterokaryon.  However, 
chromatid  effects  are  probably  quite  fre- 
quent in  ultraviolet-irradiated  spores  of 
Neurospora,  since  a  number  of  cultures 
which  first  appeared  mutant  and  later 
reverted  proved  to  be  heterokaryons. 

Genetic  analysis  of  60  ultraviolet-induced 
mutants  showed  that  more  than  one  locus 
was  involved  in  24  of  these.  This  high 
rate  of  formation  of  multiple  mutants  is 
evidence  for  the  occurrence  of  hetero- 
geneity either  in  the  treatment  or  among 
the  spores  themselves.  Moreover,  the  vari- 
ability of  different  spore  samples  is  in  ac- 
cordance with  the  presence  of  hetero- 
geneity. The  cause  of  the  heterogeneity, 
however,  is  not  determined. 

So  far  as  the  X-radiation  experiments 
are  concerned,  it  was  reported  in  Year 
Book  No.  42  that  the  mutation  rates  for 
dosages  given  at  5400  roentgens  per  minute 
were  higher  than  those  for  the  same  dos- 
ages given  at  an  intensity  of  240  r  per 
minute.  An  experiment  to  test  this  appar- 
ent intensity  effect  showed  that  a  continu- 
ous dose  of  31,500  r  at  an  intensity  of  5400  r 
per  minute  was  more  effective  in  produc- 
ing mutations  than  either  a  fractionated 
dose  with  a  gap  of  three  hours  between 
the  treatments  or  a  continuous  dose  of 
31,500  r  delivered  at  an  intensity  of  270  r 
per  minute.  The  difference  between  the 
two  continuous  doses  at  different  intensities 


is  2.5  times  the  standard  error  of  the  two, 
and  is  therefore  significant. 

Many  of  the  cultures  resulting  from 
X-ray-treated  spores  are  partially  sterile 
when  crossed  with  a  standard  line.  This 
sterility,  which  is  assumed  to  be  generally 
due  to  the  presence  of  chromosomal  aber- 
ration, is  more  frequent  among  visible 
mutants  than  among  the  phenotypic  nor- 
mals. An  analysis  of  sterility  and  visible 
mutants  at  different  dosages  and  intensi- 
ties was  made,  in  an  effort  to  determine 
the  nature  of  the  changes  appearing  as 
visible  mutants.  When  the  same  dosage 
is  given  at  different  intensities,  it  is  found 
that  the  percentages  of  visible  mutants  and 
of  steriles  are  higher  for  the  high  intensity. 
This  is  believed  to  indicate  that  some  of 
the  visible  mutants  result  from  aberrations, 
since  it  is  considered  that  the  number  of 
initial  effects  produced  by  the  same  dos- 
age  is  probably  the  same  whatever  the  in- 
tensity. If  all  visible  mutants  were  the 
result  of  aberration,  the  proportion  of  such 
mutants  among  the  steriles  should  be  the 
same — apart  from  the  effect  of  multiple 
aberrations — whatever  the  dosage.  It  was 
found,  however,  that  with  increase  of  dos- 
age the  proportion  of  visible  mutants 
among  the  steriles  is  increased;  whereas 
when  the  numbers  of  mutants  and  of  ster- 
iles are  increased  by  increasing  the  intensity 
(the  dosage  being  constant),  the  propor- 
tion of  steriles  which  are  also  visibly  mu- 
tant remains  constant.  This  indicates  that 
there  is  a  class  of  mutants  distinct  from 
those  resulting  from  aberrations.  It  is  not 
possible  on  the  basis  of  the  present  data  to 
distinguish  between  mutants  that  are  in- 
duced directly  by  the  treatment,  but  may 
be  associated  with  aberrations,  and  mu- 
tants that  are  entirely  independent  of  aber- 
rations. 

X-Ray  Experiments  with  Penicillium 

In  a  series  of  experiments  made  by  Mrs. 
Sansome   with   Penicillium    notatum,  the 
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proportions  of  visible  mutants  were  re- 
corded at  different  X-ray  dosages,  and  the 
effect  of  various  factors  on  their  frequency 
was  determined.  For  these  experiments 
the  strain  N.R.R.L.  832  was  used,  and 
spores  were  taken  from  cultures  5-7  days 
old,  not  more  than  three  weeks  removed 
from  the  single-spore  stage.  The  irradia- 
tion was  given  by  Mr.  L.  D.  Marinelli  at 
the  Memorial  Hospital  in  New  York,  at 
an  intensity  of  2420  roentgens  per  minute. 
It  was  found,  as  in  the  case  of  Neuro- 
spora,  that  the  earlier-germinating  spores 
gave  the  same  percentage  of  mutants  as  the 
later-germinating  spores.  The  results  per 
dosage  of  50,000  and  100,000  roentgens  are 
given  in  the  table: 


Treatment 

Isolated  first 
day 

Isolated  secotto 
day 

Total 

%  mutants 

Total 

%  mutants 

50,000  r..  . 
100,000  r.  . 

323 
142 

25.1 
43.7 

410 
200 

21.5 
45.0 

The  percentage  of  mutants  obtained 
from  spores  irradiated  on  the  agar  slant 
is  approximately  the  same  as  that  from 
spores  irradiated  in  physiological  saline. 
The  percentage  of  visible  mutants  increases 
in  a  linear  fashion  from  9.4  per  cent  for 
25,000  r  to  30  per  cent  for  100,000  r,  as 
shown  in  the  following  table : 


The  survival  value  was  estimated  for 
spores  irradiated  in  physiological  saline. 
The  method  used  was  to  plate  out  control 
and  treated  samples  from  one  original  sus- 
pension and  to  relate  the  number  of  col- 
onies from  the  different  treated  samples  to 
the  number  from  the  control.  It  was  found 
that  over  40  per  cent  of  the  spores  survived 
a  treatment  of  25,000  r.  The  survival  rate 
at  the  highest  dosage  recorded,  100,000  r, 
was  only  0.06  per  cent.  An  effort  was 
made  to  compare  the  survival  rates  of 
spores  irradiated  in  suspension  and  on  the 
agar  slant.  In  this  case  the  number  of 
spores  in  the  original  spore  suspension,  as 
estimated  by  a  count  made  in  a  blood- 
counting  chamber,  was  taken  into  account. 
It  appears  that  at  high  dosages  the  survival 
value  is  lower  for  spores  irradiated  in  sus- 
pension than  for  spores  irradiated  dry. 
About  1.69  per  cent  of  spores  irradiated  on 
the  agar  slant  survived  100,000  roentgens, 
whereas  at  the  same  dosage  only  0.06  per 
cent  survived  when  irradiated  in  suspen- 
sion in  saline. 

The  effect  of  storing  spores  in  the  re- 
frigerator after  irradiation  was  tested.  It 
was  found  in  the  batch  tested  that  the 
spores  stored  for  20  days  gave  a  slightly 
higher  mutation  rate  than  spores  plated 
immediately  after  irradiation,  but  that  the 
difference  was  not  significant. 


Visible  mutants  and  survival  rates 


Treatment 


Total  recorded 


No.  mutants 


%  mutants 


Survival 
ratio  (%) 


Controls 

25,000  r  wet 

50,000  r  wet 

50,000  r  dry 

50,000  r  wet  +  dry 

75,000  r  dry 

100,000  r  wet 

100,000  r  dry 

100,000  r  wet  +  dry 

50,000  r  dry,  plated  after  20  days. 


599 
403 
372 
286 
658 
246 
177 
220 
397 
158 


1 

38 
61 
45 

106 
45 
57 
62 

119 
37 


9.4 
16.4 
15.7 
16.1 
18.3 
32.2 
28.2 
30.0 
23.4 


100.0 

40.8 

9.5 

18.2 

7.7 

0.06 

1.69 

2.47 
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Heterokaryons  in  Neurospora 

When  two  different  mutants  with  a 
reduced  growth  habit  are  grown  in  the 
same  culture,  they  will  usually  form  a 
heterokaryon  with  a  normal  growth  habit. 
It  can  be  proved  that  mixing  of  nuclei 
within  the  same  mycelium  occurs.  Experi- 
ments made  by  Mrs.  Sansome  showed  that 
these  heterokaryons  can  be  split  up  into 
their  components  by  making  microconidial 
isolations  from  them.  This  affords  direct 
evidence  of  the  uninucleate  condition  of 
the  microconidia.  Attempts  to  produce 
heterokaryons  by  putting  together  mutants 
of  opposite  mating  types  were  unsuccessful. 
Even  hyphal  tip  cultures  taken  from  young 
perithecia,  when  mating  is  presumed  to 
have  occurred,  were  homokaryotic.  Thus 
it  seems  that  vegetative  heterokaryons, 
involving  nuclei  of  opposite  mating  types, 
cannot  be  produced  in  Neurospora  crassa 
by  inoculating  the  two  types  together.  If 
this  is  so,  it  has  considerable  importance 
in  any  consideration  of  the  life  history  of 
the  organism. 

Mutations  in  Bacteriophage 

During  part  of  the  summer  of  1944,  Dr. 
S.  E.  Luria,  of  Indiana  University,  con- 
tinued at  this  Department  his  work  on 
the  recently  discovered  mutations  of  bac- 
teriophage. From  several  of  the  phages 
used  by  Demerec  in  his  work  on  phage- 
resistant  bacteria,  mutant  phages  were 
isolated.  The  mutant  phages  differ  from 
the  original  phages  by  their  ability  to 
attack  one  or  more  bacterial  strains  re- 
sistant to  the  original  phage.  The  pro- 
portion of  mutants  in  suspensions  of 
normal  phage  varies  greatly  in  different 
cases,  indicating  variations  in  the  muta- 
tion rate.  Preliminary  evidence  was  col- 
lected which  seems  to  suggest  that,  in  some 


cases  at  least,  the  abnormal  colonies  of 
resistant  bacteria  which  often  appear  after 
lysis  of  sensitive  bacteria  by  a  phage  owe 
their  morphology  to  the  secondary  action 
of  mutant  phages  active  on  the  resistant 
bacteria. 

In  the  course  of  preliminary  experi- 
ments on  the  induction  of  mutations  in 
bacteriophage  by  ultraviolet  irradiation,  an 
interesting  new  effect  was  discovered. 
After  irradiation,  when  a  fraction  of  the 
phage  particles  has  been  inactivated,  the 
surviving  particles  show  a  marked  delay 
in  their  action  on  sensitive  bacterial  hosts, 
as  studied  by  one-step  growth  experiments. 
The  adsorption  of  phage  by  the  host  and 
the  yield  of  phage  per  bacterium  are  not 
affected,  but  phage  liberation  takes  place 
after  a  delay  and  at  a  slower  rate,  indicat- 
ing a  slowing  down  of  one  or  more  of 
the  steps  leading  to  liberation  of  phage 
(penetration,  growth,  lysis).  The  delay 
effect  increases  with  increasing  amounts  of 
radiation.  There  is  no  demonstrable  re- 
covery upon  dilution  and  storage  of  the 
irradiated  phage.  The  effect  is,  however, 
strictly  nonhereditary;  the  offspring  of  the 
irradiated  particles  grow  normally.  The 
experiments  were  done  under  conditions 
which  exclude  the  possibility  that  the  delay 
effect  is  due  to  interference  by  the  inactive 
phage  particles  present  in  the  irradiated 
suspensions.  The  effect  was  observed  with 
three  unrelated  phage  strains  active  upon 
Escherichia  coli  B.  The  lamp  used  gave 
about  80  per  cent  radiation  of  2537  A. 

The  effect  described  above  represents  the 
first  instance  of  a  physiological,  non- 
hereditary  action  of  radiation  on  viruses, 
as  distinguished  from  lethal  and  possible 
genetic  effects.  The  delaying  action  on 
phage  liberation  may  fall  in  a  class  with 
the  well  known  delaying  actions  on  divi- 
sion of  microorganisms  and  higher  cells. 
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CYTOLOGY 

Berwind  P.  Kaufmann 


Organization  of  the  Chromosome 

Although  the  chromosomes  of  the  sali- 
vary glands  of  Drosophila  melanogaster 
have  been  used  extensively  in  cytogenetic 
studies  during  the  past  ten  years,  many 
details  of  their  linear  organization  remain 
unknown.  As  viewed  microscopically,  each 
chromosome  reveals  a  constant  and  spe- 
cific pattern  of  banding;  these  details  have 
been  incorporated  in  maps  made  by  C.  B. 
Bridges,  P.  N.  Bridges,  and  others.  Each 
detectable  disc  of  the  chromosome  has  been 
designated  by  a  letter  and  a  numeral;  for 
example,  in  D.  melanogaster  the  entire 
chromosome  complex  has  been  divided  ar- 
bitrarily into  102  numbered  divisions,  each 
of  which  is  in  turn  marked  ofr  into  six 
lettered  subdivisions  (A  to  F),  within 
which  the  specific  bands  are  again  num- 
bered. In  this  species  the  X  chromosome 
comprises  divisions  i  to  20,  the  second  chro- 
mosome divisions  21  to  60,  the  third  chro- 
mosome 81  to  100,  and  the  fourth  chromo- 
some 101  and  102.  These  details,  familiar 
to  cytogeneticists,  are  recounted  here  to 
facilitate  understanding  of  the  data  pre- 
sented in  the  following  paragraphs  by 
those  less  well  acquainted  with  the  system 
used  in  identifying  various  loci  along  the 
chromosomes. 

Salivary-gland  chromosomes  are  many 
times  larger  than  actively  dividing  chro- 
mosomes of  the  same  individual,  but  they 
are  not  mere  replicas  on  a  grander  scale. 
Genetic  and  cytological  studies  have  shown 
that  large  fractions  of  the  actively  dividing 
chromosome  may  be  represented  by  a  very 
small  number  of  discs  in  the  salivary-gland 
counterpart.  The  Y  chromosome  of  D. 
melanogaster,  a  clearly  discernible  J -shaped 
body  of  the  chromosome  complex  of  the 
male  fly,  is  barely  detectable  in  salivary- 


gland  preparations,  and  the  proximal  third 
of  the  X  chromosome  of  the  mitotic  cell 
of  flies  of  this  species  is  represented  by  19 
of  the  1012  discs  portrayed  by  C.  B.  Bridges 
in  his  salivary-gland  chromosome  map. 

The  phenomenon  of  differential  expres- 
sion of  such  regions  in  the  salivary-gland 
chromosome  has  been  attributed  to  their 
heterochromatic  nature.  The  Y  chromo- 
some and  the  proximal  third  of  the  X 
chromosome  of  D.  melanogaster,  for  ex- 
ample, are  clearly  outlined  in  the  early 
stages  of  the  mitotic  process  as  dark-stain- 
ing blocks,  whereas  the  major  part  of  the 
chromosome  complement  is  relatively  in- 
conspicuous. This  precocious  condensa- 
tion, or  heteropycnosis,  is  one  diagnostic 
feature  by  which  that  part  of  the  hetero- 
chromatin  that  is  present  in  large  blocks 
(the  so-called  staining  blocks)  may  be 
differentiated  cytologically  from  the  re- 
mainder of  the  chromosome,  which  is 
generally  designated  as  euchromatic.  There 
is  some  evidence,  however,  that  hetero- 
chromatic regions  of  lesser  extent  are  also 
distributed  along  the  euchromatic  part  of 
the  limb.  The  chromomeres,  which  first 
become  conspicuous  along  the  chromo- 
somes of  Drosophila  in  the  early  prophase 
stages  of  mitosis,  and  which  have  generally 
been  regarded  as  aggregates  of  smaller 
chromomeres,  may  represent  such  inter- 
calary heterochromatin. 

The  effort  to  locate  such  intercalary  het- 
erochromatin is  not  merely  a  problem  of 
reinterpretation  and  augmentation  of  exist- 
ing maps.  Development  of  the  concept 
that  the  activity  of  a  gene  is  not  inde- 
pendent of  its  position  in  the  chromosome 
emphasizes  the  necessity  for  a  more  com- 
plete knowledge  of  the  details  of  chromo- 
some organization.    It  is  to  be  hoped  also 


n6  CARNEGIE  INSTITUTION  OF  WASHINGTON 

that  accumulation  of  such  information  will  The  first  study  of  the  distribution  of 
cast  additional  light  ori  the  changes  that  X-ray-induced  breaks  along  the  X  chromo- 
occur  within  the  chromosomes  in  phy-  some  of  D.  melanogaster  was  reported  in 
logeny,  changes  by  which  genie  materials  Year  Book  No.  38.  At  that  time  475  breaks 
are  added  to  the  chromosomes  as  dupli-  had  been  determined  within  the  limits  of 
cated  sections  within  which  mutational  the  lettered  subdivisions  of  divisions  1  to 
changes  may  subsequently  occur  to  cause  19  of  Bridges'  1938  map.  In  the  course  of 
a  divergence  from  the  parental  pattern.  analysis  of  salivary-gland  chromosomes 
For  these  reasons  additional  data  have  during  more  recent  years,  this  number  has 
been  accumulated  on  the  distribution  of  been  increased  to  845.  Another  group  of 
heterochromatic  regions  within  the  chro-  272  breaks  has  been  localized  in  the  proxi- 
mosomes  of  D.  melanogaster,  the  species  mal  heterochromatic  region  (division  20). 
on  which  the  most  extensive  genetic  stud-  The  percentage  of  the  total  which  they 
ies  have  been  made.  There  are  several  represent  (24.4)  is  smaller  than  the  33.3 
criteria  by  which  these  regions  may  be  to  be  expected  on  the  assumption  that 
identified  cytologically.  The  chromomeres  breaks  are  distributed  at  random  accord- 
comprising  the  discs  found  in  the  proximal  ing  to  the  length  occupied  by  the  region 
heterochromatic  regions,  the  so-called  het-  in  the  mitotic  chromosome  (Kaufmann 
erochromomeres,  are  vesicular  and  some-  and  Demerec,  1937).  In  the  cytological 
what  larger  than  those  of  euchromatic  analysis  of  salivary-gland  chromosomes, 
regions.  Chromomeres  of  this  type  are  however,  many  rearrangements  which  are 
rarely  observed  in  more  distal  parts  of  the  restricted  to  the  proximal  heterochromatic 
chromosomes,  so  that  if  intercalary  hetero-  regions  are  not  detected.  When  calcula- 
chromatin  is  present  it  is  not  detectable  by  tions  are  adjusted  so  as  to  incorporate  these 
this  criterion.  The  proximal  heterochro-  cytologically  undetected  changes,  the  per- 
matin  of  such  species  as  D.  melanogaster  centage  of  breaks  in  the  proximal  hetero- 
also  exhibits  the  property  of  nonspecific  chromatic  region  of  the  X  chromosome 
pairing,  all  the  chromosomes  being  drawn  rises  to  about  29.6.  Although  these  data 
together  in  the  regions  close  to  the  centro-  in  themselves  do  not  enable  a  decision  to 
meres  to  form  a  chromocentral  aggregate,  be  made  between  the  two  alternatives — 
When  intercalary  or  terminal  regions  of  namely,  that  break  frequency  in  this  proxi- 
the  chromosome  participate  in  this  type  of  mal  heterochromatic  region  is  proportional 
pairing,  it  may  be  assumed  that  they  pos-  to  mitotic  chromosome  length,  or  that  it 
sess  some  properties  similar  to  those  of  the  is  dependent  on  the  high  fragility  of  a 
proximal  heterochromatin.  The  frequency  few  loci  that  alone  are  susceptible  to  break- 
with  which  breaks  occur,  following  ex-  age — the  experimental  values  obtained  are 
posure  of  chromosomes  to  irradiation  by  close  to  those  expected  on  the  first  assump- 
X  rays,  may  also  furnish  an  index  of  the  tion.  This  point  will  be  considered  sub- 
position  of  heterochromatic  regions.    An-  sequently. 

other  criterion  by  which  intercalary  hetero-  The  distribution  of  the  845  breaks  along 
chromatin  may  possibly  be  identified  has  the  distal  two-thirds  of  the  X  chromosome 
been  outlined  by  Schultz  (Year  Book  (generally  designated  as  euchromatic)  has 
No.  40) ;  it  involves  the  location  by  cyto-  been  compared,  using  the  chi  square 
genetic  techniques  of  those  loci  which  method,  with  the  distribution  to  be  ex- 
affect  the  expression  of  mosaicism  or  varie-  pected  on  the  assumption  that  breakage  is 
gation  in  somatic  cells.  at   random   per   length   of   salivary-gland 
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chromosome.  Considering  first  the  breaks 
within  each  of  the  19  divisions,  the  prob- 
ability (P)  is  considerably  less  than  0.01 
that  the  observed  distribution  merely  rep- 
resents a  departure  from  randomness  be- 
cause of  the  error  of  sampling.  Complete 
data  cannot  be  furnished  here,  but  it  is 
interesting  to  note,  in  view  of  Bauer's 
suggestion  that  break  frequency  is  highest 
in  distal  regions,  that  divisions  1,  3,  4,  11, 
12,  and  19  show  a  considerable  number 
of  breaks  in  excess  of  expectancy,  whereas 
divisions  5,  6,  10,  13,  14,  15,  17,  and  18  show 
many  fewer  than  expected.  The  remain- 
ing 5  divisions  show  only  slight  departures, 
plus  or  minus,  from  values  anticipated  on 
the  assumption  that  breaks  are  distributed 
at  random.  The  three  divisions  with  the 
highest  break  frequency  are  1  (terminal), 
11   (medial),  and  19  (proximal). 

The  reasons  for  these  wide  departures 
from  expectancy  become  clearer  when  the 
break  frequency  is  calculated  for  the  indi- 
vidual lettered  subdivisions.  Of  these,  11  A, 
12E,  and  19E  show  the  largest  numbers  of 
breaks  in  proportion  to  salivary-gland  chro- 
mosome length  represented.  Other  subdi- 
visions showing  an  exceptionally  high 
break  frequency  are  iF,  3C,  4DE,  5D,  7B, 
7C,  16F,  and  19F.  Since  in  the  property 
of  high  break  frequency  these  regions 
resemble  the  proximal  heterochromatic  re- 
gions, it  seems  probable  that  they  also 
contain  heterochromatic  materials. 

The  regions  of  highest  break  frequency 
— namely  11  A,  12E,  and  19E — are  charac- 
terized cytologically  by  repetition  of  the 
sequence  of  banding  in  the  pattern  of  a 
"reversed  repeat"  (the  abccba  type) .  Occa- 
sionally the  linear  continuity  of  the  sali- 
vary-gland chromosome  appears  to  be 
disrupted  in  these  regions,  either  by  the 
divergence  in  the  form  of  a  V  of  the  two 
adjoining  homologous  discs  of  the  repeat 
series,  or  by  their  wider  separation.  Such  a 
rupture  or  "break  open"  may  at  times  be 


brought  about  by  pressure  on  the  chromo- 
somes in  flattening  the  cells  for  observa- 
tion, but  is  more  generally  to  be  attributed 
to  pairing  in  an  early  stage  of  development 
among  the  bands  of  the  repeat  series.  Evi- 
dence for  this  interpretation  is  furnished  by 
pairing  within  haploid  strands,  and  by  ex- 
perimentally induced  "reversed  repeats."  If 
a  ruptured  chromosome  may  serve  as  a 
clue  to  previous  intrachromosomal  pairing, 
the  frequency  with  which  the  rupture 
appears  should  indicate  the  degree  of 
homology  existing  between  the  discs  of 
the  two  repeated  series.  Studies  of  such 
frequencies  are  now  being  made.  In  the 
X  chromosome,  more  than  200  ruptures 
have  been  recorded  in  subdivisions  3C, 
1 1  A,  and  12E;  of  these  53  per  cent  were 
in  1 1  A,  36  per  cent  in  12E,  and  only  11 
per  cent  in  3C.  It  will  be  recalled  that 
the  first  two  of  these  subdivisions  showed 
a  much  higher  break  frequency  when  ex- 
posed to  X  rays  than  did  3C.  Both  these 
methods  may  furnish,  therefore,  an  index 
to  quantitative,  or  possibly  qualitative, 
differences  in  intercalary  heterochromatin. 
Other  subdivisions  in  which  ruptures  oc- 
cur, but  for  which  quantitative  data  are 
not  now  available,  are  19E,  42B,  70C,  75C, 
and  89E. 

Measurements  are  also  being  made,  in 
cooperation  with  Miss  Marcia  Kelman,  of 
the  degree  of  nonspecific  pairing  through- 
out the  chromosome  complex  of  D.  mela- 
nogaster.  As  an  example  of  the  type  of 
information  obtained,  the  bands  of  the 
11 A  repeat  series  have  been  observed  to 
pair  with  bands  in  iE,  7C,  9B,  12E,  16A, 
64C,  73B,  87B,  and  98C.  Many  other  sim- 
ilar series  have  been  recorded.  Several 
hundred  cases  of  association  between  indi- 
vidual bands,  both  within  and  between 
chromosome  limbs,  have  likewise  been 
detected.  The  cytological  observations 
must  be  augmented  considerably,  however, 
before  the  intercalary  heterochromatic  and 
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duplicated  euchromatic  regions  can  be 
mapped  with  precision,  and  the  findings 
integrated  with  known  genetic  data. 

It  was  indicated  previously  that  the  dis- 
tribution of  induced  breaks  along  the  chro- 
mosomes may  be  interpreted  as  supporting 
the  contention  that  break  frequency  is  pro- 
portional to  mitotic  chromosome  length. 
On  the  contrary,  Muller,  Gershenson,  and 
their  colleagues  (Muller  and  Gershenson, 
1935;  Muller,  Raflfel,  Gershenson,  and 
Prokofyeva-Belgovskaya,  1937)  have  ad- 
vanced the  theory  that  breaks  in  the  proxi- 
mal heterochromatic  region  of  the  X  chro- 
mosome are  not  distributed  at  random,  but 
occur  at  only  a  very  few  points.  The  evi- 
dence on  which  this  theory  rests  is  of  the 
following  type:  A  deficiency  for  bobbed 
lacked  a  piece  nearly  equal  to  the  length 
of  the  proximal  heterochromatic  region. 
Subsequently  it  was  reported  that  the  locus 
of  bobbed  could  be  separated  from  this 
large  block,  which  was  designated  as  Block 
A  (Muller  et  al,  1937),  but  that  it  still 
included  "the  major  portion  of  the  inert 
region  of  the  mitotic  chromosome."  In 
the  salivary-gland  chromosome,  Block  A 
is  presumably  represented  by  a  single 
faint  disc. 

To  what  extent,  then,  is  Block  A  an 
indivisible  unit  ?  An  approach  to  this  prob- 
lem has  been  made  by  cytological  analysis 
of  a  series  of  inversions  having  one  break 
in  the  proximal  heterochromatic  region, 
the  other  near  the  left  end  of  the  X  chro- 
mosome. Such  a  study  is  best  made  on  the 
neuroblast  cells  of  the  larval  ganglion,  at 
the  stage  of  prophase  when  the  heterochro- 
matic materials  are  most  clearly  defined 
and  the  nucleolus  stands  as  a  landmark 
dividing  the  proximal  third  of  the  X  chro- 
mosome into  two  parts  of  about  equal 
length.  Any  redistribution  of  heterochro- 
matic materials  as  a  result  of  inversion 
can  thus  be  detected  by  the  proportion  of 


deeply  staining  material  lying  at  the  two 
ends  of  the  inverted  section. 

Inversion  roughest3  extends  from  band 
3C3  to  about  subdivision  20B.  The  right- 
most break  lies  sufficiently  far  to  the  right 
of  the  locus  of  the  gene  bobbed  to  include 
several  discs  of  heterochromatic  material 
from  20A  and  20B.  That  these  discs  repre- 
sent no  minute  fraction  of  the  total  hetero- 
chromatic zone  is  indicated  by  the  fact 
that  this  displaced  material  increases  the 
length  of  the  genetic  map  in  the  distal 
part  of  the  X  by  about  10  units  (Griine- 
berg,  1937).  The  rightmost  break  of  the 
rst3  inversion,  however,  lies  to  the  left  of 
the  nucleolus,  and  is  therefore  within  the 
distal  half  of  the  proximal  zone  of  hetero- 
chromatin.  In  an  earlier  study  several 
reversions  from  roughest  to  wild  type  were 
obtained,  and  these  were  associated  with 
chromosomal  alterations,  each  of  which 
involved  at  least  one  break  in  the  proximal 
heterochromatic  region  of  the  X.  Several 
of  these  were  to  the  right  of  the  nucleolus- 
organizing  region,  as  revealed  by  the  re- 
moval of  the  nucleolus  from  the  X  chro- 
mosome. In  these  cases,  nevertheless,  a 
considerable  bulk  of  detectable  heterochro- 
matic material  remained  adjacent  to  the 
centromere.  Thus,  breaks  associated  with 
the  rst3  inversion  and  its  reversion  separate 
the  proximal  heterochromatic  region  of  the 
X  into  at  least  three  parts  of  measurable 
size;  and  this  information  is  difficult  to 
reconcile  with  the  concept  of  a  block  which 
lies  to  the  right  of  bobbed  and  which 
includes  the  major  portion  of  the  "inert" 
region. 

Because  of  these  findings,  it  seemed  de- 
sirable to  inquire  whether  the  nucleolus 
might  not  be  useful  in  revealing  the  posi- 
tions of  breaks  used  by  Muller  and  his 
coworkers  in  determining  the  extent  of 
Block  A.  Three  inversions  are  of  particu- 
lar interest — namely,  white-mottled  4,  scute 
L8,  and  scute  8 — because  in  the  first  two 
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the  points  of  breakage  and  reattachment 
are  reported  to  have  occurred  between  the 
locus  of  bobbed  and  Block  A,  whereas  in 
scute  8  the  break  was  to  the  right  of  Block 
A.  By  studying  both  ganglion  and  salivary- 
gland  nuclei  of  males  and  homozygous 
females,  the  nucleolus  was  found  to  have 
been  included  within  the  limits  of  the  sc8 
and  scL8  inversions,  but  not  in  the  wm!' 
rearrangement.  This  information  also  in- 
dicates that  Block  A  is  not  an  indivisible 
unit,  for  in  scL8  the  presumptive  break  be- 
tween bobbed  and  Block  A  lies  to  the  right 
of  the  nucleolus-organizing  region,  whereas 
in  wmk  it  is  to  the  left  of  that  region.  It  is 
thus  clear  that  if  Block  A  is  represented 
by  a  single  band  in  the  salivary-gland  chro- 
mosome, it  must  lie  to  the  right  of  the 
nucleolus,  perhaps  in  20C,  and  under  such 
conditions  Block  A  could  hardly  constitute 
the  major  portion  of  the  proximal  hetero- 
chromatic  region. 

In  the  light  of  this  analysis,  it  would 
seem  that  the  evidence  concerning  stain- 
ing blocks  does  not  negate  the  contention 
that  breaks  in  the  proximal  heterochro- 
matic  region  are  distributed  at  random 
according  to  the  mitotic  chromosome 
length  involved.  The  break  frequencies 
which  we  have  found  approach  percentages 
expected  on  the  basis  of  prophase  chromo- 
some length,  not  only  in  the  X  chromo- 
some, but  also  in  the  autosomes.  Satis- 
factory cytological  as  well  as  genetical 
proof  is  required  before  these  facts  may  be 
attributed  to  mere  coincidence. 

Mitosis  in  the  Epithelium  of  the  Cornea 

As  indicated  in  Year  Book  No.  42,  a 
study  was  undertaken,  in  cooperation  with 
Miss  Helen  Gay  and  with  Dr.  Alexander 
Hollaender,  of  the  Division  of  Industrial 
Hygiene  of  the  National  Institute  of 
Health,  of  the  effects  of  ultraviolet  radia- 
tion on  the  dividing  cells  of  the  epithelium 


of  the  cornea  of  the  mammalian  eye.  The 
preliminary  survey  of  a  series  of  untreated 
or  control  corneas  indicated  that  consider- 
able variability  in  the  frequency  of  mitoses 
might  exist  within  a  single  cornea  or  be- 
tween the  two  corneas  of  one  animal. 
Inasmuch  as  determination  of  the  range 
of  this  variability  was  essential  to  any  fur- 
ther experiments  involving  comparisons  of 
treated  and  control  areas,  and  since  we  had 
developed  a  method  for  rapidly  counting 
the  dividing  cells,  a  more  extensive  study 
was  made  this  year  of  the  range  of  this 
variability  in  corneas  of  albino  rats  and  of 
New  Zealand  White  rabbits,  both  of  which 
were  obtainable  in  inbred  stocks  that  could 
be  maintained  for  further  experimental 
work. 

These  studies  showed  that  mitoses  were 
about  19  to  20  times  as  frequent  in  the 
epithelium  of  the  cornea  of  the  rat  as  in 
that  of  the  rabbit.  In  the  rat  we  have 
counted  as  many  as  650  dividing  cells  per 
square  millimeter.  In  general,  mitoses  are 
least  abundant  peripherally,  and  increase, 
along  a  gradient  toward  the  center.  In 
such  a  large  cornea  as  that  of  the  rabbit, 
the  gradient  is  steep,  but  it  is  slight  to 
insignificant  in  the  smaller  cornea  of  the 
rat.  Consequently,  variability  from  region 
to  region  is  much  less  in  the  rat  than  in 
the  rabbit. 

Inasmuch  as  the  counting  of  mitoses  in 
the  entire  cornea  is  both  laborious  and 
time-consuming,  various  sampling  pro- 
cedures were  tested.  It  was  found  that 
counts  of  mitoses  in  a  meridional  strip 
across  the  whole  cornea  furnish  a  more 
reliable  index  of  the  frequency  in  the 
entire  cornea  than  counts  made  in  an  iso- 
lated region.  Counts  made  on  two  or 
more  strips  within  the  same  cornea  fall 
within  the  range  of  the  sampling  error, 
as  determined  by  the  chi  square  method. 
Wedge-shaped  sectors,  extending  from  the 
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periphery  to  the  center,  do  not  show  such 
uniformity. 

The  difference  between  the  two  corneas 
of  the  same  animal  in  frequency  of  mitoses 
may  also  be  considerable.  Ratios  of  fre- 
quency in  the  two  eyes  of  about  i.i  to  0.9 
are  not  uncommon.  Such  differences  must 
be  considered  in  experimental  work  in 
which  the  treated  cornea  is  compared  with 
the  other  cornea  of  the  same  animal  serv- 
ing as  a  control.  When  experiments  pro- 
ceed on  the  assumption  that  the  number 
of  mitoses  is  equal  in  the  two  eyes  of  an 
animal  (for  example,  Gurwitsch  and  Ani- 
ken,  1928,  in  a  study  of  the  effects  of  mito- 
genetic rays),  the  conclusions  must  be  open 
to  considerable  suspicion. 

Counts  were  also  made  on  the  propor- 
tions of  cells  in  the  various  stages  of 
mitosis.  In  round  numbers,  about  40  per 
cent  of  the  period  of  active  cell  division 
is  represented  by  the  prophases,  about  20 


per  cent  by  the  metaphases,  about  10  per 
cent  by  the  anaphases,  and  about  30  per 
cent  by  the  telophases.  These  proportions, 
although  differing  in  some  particulars,  are 
of  about  the  same  order  of  magnitude  as 
those  given  by  several  workers  with  tissue 
cultures.  Since  the  proportions  were  found 
to  be  relatively  constant  from  preparation 
to  preparation,  counts  made  on  the  more 
conspicuous  stages,  such  as  metaphase  and 
anaphase,  furnish  under  certain  conditions 
a  reliable  index  of  the  over-all  frequency. 

The  establishment  of  the  range  of  vari- 
ability in  the  frequency  of  mitoses  in  the 
corneas  of  the  eyes  of  these  mammals,  and 
the  development  of  methods  for  rapidly 
preparing  the  material  for  cytological 
analysis,  will  facilitate  studies,  such  as  we 
have  undertaken,  of  the  disturbances  pro- 
duced by  short-wave  radiations  and  various 
pharmacological  agents  on  the  mitoses  of 
the  corneal  epithelium. 


GENETIC  STRUCTURE  OF  NATURAL  POPULATIONS 

Th.  Dobzhansky,    Columbia  University,  New  Yor\ 


As  outlined  in  previous  reports  (see 
Year  Books  Nos.  37  to  41,  especially  No. 
41),  the  general  purpose  of  this  research 
program  is  investigation  of  the  hereditary 
variability  present  in  natural  populations, 
and  its  role  in  the  process  of  evolution. 
On  account  of  their  many  technical  ad- 
vantages, the  small  flies  belonging  to  the 
genus  Drosophila  are  chosen  as  the  test 
material,  but  it  is  hoped  that  the  results 
obtained  may  be  of  a  more  general  ap- 
plicability. This  hope  is  based  on  the  well 
established  generalization  that  the  funda- 
mental laws  and  mechanisms  of  heredity 
are  (notwithstanding  some  striking  excep- 
tions) remarkably  uniform  throughout  the 
living  world. 

Several  lines  of  attack  are  being  pur- 
sued simultaneously,  converging  on  a  clari- 
fication of  the  breeding  structure  of  the 


natural  populations  of  certain  species  of 
Drosophila,  and  of  evolutionary  changes 
taking  place  therein. 

Dispersion  Rates  in  Drosophila 
pseudoobscura 

Experiments  reported  previously  (see 
Year  Books  Nos.  39  to  41)  have  shown 
that  Drosophila  pseudoobscura  which  in- 
habit the  forested  part  of  Mount  San  Ja- 
cinto (California)  do  not  represent  a  single 
undivided  population.  Instead,  there  is  a 
mosaic  of  populations,  each  of  which  occu- 
pies only  a  small  fraction  of  the  territory. 
Although  these  small  populations  merge 
into  one  another,  they  are  able,  within 
limits,  to  accumulate  genetic  differences, 
and  consequently  to  pursue  different  evo- 
lutionary  courses.    Such   a   situation   can 
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obtain  only  if  the  flies,  despite  their  pos-  that  visit  the  traps  at  various  distances 
sessing  apparently  efficient  means  of  loco-  from  the  point  of  release  are  recorded  daily, 
motion,  are  fairly  sedentary  in  their  habits,  and  the  flies  are  liberated  where  captured, 
so  that  the  inhabitants  of  a  given  small  The  distribution  of  the  marked  and  wild 
territory  do  not  mix  at  random  with  in-  flies  on  successive  days  on  the  experimental 
habitants  of  neighboring  territories.  At-  field  permits  a  number  of  inferences  to  be 
tachment  to  a  small  territory  despite  pos-  made.  First  of  all,  the  type  of  dispersal 
session  of  efficient  organs  of  locomotion  is,  characteristic  of  our  species  must  be  de- 
of  course,  known  in  many  animals,  some  termined.  In  a  uniform  two-dimensional 
migratory  birds  being  outstanding  ex-  medium  the  flies  may  move  at  random, 
amples.  The  above  conclusions  regarding  somewhat  like  molecules  engaged  in  the 
the  breeding  structure  of  the  Drosophila  Brownian  movement;  if  so,  the  variance 
pseudoobscura  populations  and  the  seden-  of  their  distribution  around  the  point  of 
tary  habits  of  this  fly  have  been  reached,  release  will  increase  proportionally  to  time, 
however,  not  on  the  basis  of  direct  obser-  On  the  other  hand,  the  released  flies  may 
vations,  but  as  a  result  of  what  may  seem  establish  "home  territories,"  or  may  escape 
to  be  very  indirect  evidence;  that  is,  studies  from  territories  with  higher  to  those  with 
on  the  concentrations,  frequencies  of  allel-  lower  population  densities;  in  these  events 
ism,  and  mutation  rates  of  recessive  lethals  the  variance  would  grow  rapidly  for  some 
in  the  third  chromosome.  (The  mathe-  days  following  the  release  of  the  marked 
matical  analysis  of  these  data  was  made  flies,  and  progressively  slower  with  time, 
by  Professor  Sewall  Wright,  of  Chicago.)  The  data  obtained  indicate  that  the  flies 
It  was  obvious  throughout  this  work  that  move  approximately  at  random.  The  aver- 
independent  evidence  that  would  permit  age  distance  traveled  by  the  flies  is  greatly 
a  check  on  the  validity  of  these  conclusions  influenced  by  temperature.  If  the  tempera- 
would  be  very  desirable.  Experiments  were  ture  at  the  time  of  the  maximum  abun- 
started,  consequently,  in  the  summer  of  dance  of  the  flies  in  the  evening  is  55  °  F. 
1 941  on  Mount  San  Jacinto  to  obtain  data  or  less,  the  flies  move  little  or  not  at  all. 
on  the  dispersal  rates  and  on  population  At  about  70 °  F.  the  average  distance  trav- 
densities  of  the  flies  (see  Year  Book  No.  eled  by  a  fly  per  day  is  around  100  meters, 
40).  The  technical  difficulties  encountered  and  at  8o°  F.  it  is  probably  of  the  order 
in  these  experiments  were  unexpectedly  of  200  meters  per  day.  It  must  be  kept  in 
great,  but  in  the  summer  of  1942  a  fairly  mind  that,  since  the  movements  are  ran- 
satisfactory  technique  was  finally  evolved,  dom,  if  the  flies  travel  100  meters  per  day, 
The  data  have  been  analyzed  by  Professor  in  n  days  they  will  have  traveled  not  100/2, 
Wright.  but  only  100  Vn  meters  on  the  average. 

In  brief,  the  experiments  and  the  conclu-  The  number  of  marked  flies  caught  on 

sions  are  as  follows.  A  known  number  of  the  experimental  fields  gradually  declines 

flies  marked  with  an  easily  recognizable  with  the  passage  of  time  after  the  release, 

mutant  character   (the  orange  eye  color)  This  decline  is  due  in  part  to  the  mortality 

are   released   at   a   given   point.    On   the  of  the  flies,  and  in  part  to  their  becoming 

following  and  successive  days,  two  lines  of  scattered   into   territories   where   no  traps 

traps  containing  a  substance  attractive  to  are  set.    With  the  aid  of  an  appropriate 

the  flies  are  set,  crossing  each  other  at  right  mathematical  analysis  it  is,  however,  pos- 

angles  at  the  point  of  release.   The  num-  sible  to  estimate  that  the  number  of  the 

bers  of  marked  and  unmarked  (wild)  flies  released  flies  declines  about  8  or  9  per  cent 
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per  day  under  the  conditions  of  the  experi- 
ments. Therefore,  the  flies  in  their  natural 
habitats  do  not  live  so  long  as  in  laboratory 
cultures  at  the  same  temperature.  Com- 
parisons of  the  numbers  of  released  and 
of  wild  flies  trapped  on  the  experimental 
fields  permit  certain  deductions  regarding 
their  absolute  population  densities.  The 
figures  arrived  at  for  different  experimental 
plots  in  midsummer  on  Mount  San  Jacinto 
range  from  400  to  800  wild  flies  per  10,000 
square  meters  of  the  area.  It  must  be  em- 
phasized that  such  population  densities  are 
doubtless  closer  to  the  maximum  than  to 
the  minimum  reached  by  our  species  in 
nature.  Indeed,  the  experiments  were  made 
in  a  region  and  at  a  time  of  the  year  when 
the  flies  are  known  to  be  very  abundant. 
The  genetic  work  on  the  frequencies  of 
third-chromosome  lethals  has  indicated 
that  the  effective  population  size  (N  of 
Wright's  formulas)  of  Drosophila  pseudo- 
obscura  on  Mount  San  Jacinto  is  approxi- 
mately 50  per  10,000  square  meters;  that 
is,  only  from  one-eighth  to  one-sixteenth 
of  the  population  densities  observed  in 
midsummer.  Strange  as  it  may  seem,  this 
may  be  regarded  as  a  good  agreement. 
Indeed,  as  has  been  shown  theoretically 
by  Wright,  the  genetically  effective  popu- 
lation size  is  likely  to  be  very  much  lower 
than  the  maximum  population  density 
reached  at  favorable  seasons.  The  effective 
population  embraces  only  those  individuals 
that  leave  surviving  adult  offspring,  and 
its  numerical  value  is  determined  much 
more  by  the  minimum  than  by  the  maxi- 
mum population  densities  reached  by  the 
species  in  its  periodic  expansions  and  con- 
tractions. Further  experiments  which 
should  throw  additional  light  on  the  popu- 
lation structure  in  Drosophila  pseudo- 
obscura  are  planned,  but  have  had  to  be 
postponed  owing  to  wartime  conditions. 


Seasonal  Changes  in  the  Genetic 
Composition  of  Populations 

It  has  been  found  (see  Year  Book  No. 
40)  that  the  composition  of  at  least  some 
populations  of  Drosophila  pseudoobscura 
is  in  a  constant  flux,  significant  changes 
being  observable  from  month  to  month. 
This  is  a  rather  unexpected  finding,  be- 
cause changes  in  the  genetic  composition 
of  "natural  populations  are  evolutionary 
changes  by  definition,  whereas  it  is  con- 
ceded by  most  biologists  that  evolutionary 
changes  in  nature  are  mostly  too  slow  to 
be  observed  directly  in  a  human  lifetime. 
However  that  may  be,  at  certain  localities 
on  Mount  San  Jacinto  the  frequency  of  the 
flies  having  the  so-called  "Standard"  gene 
arrangement  in  their  third  chromosomes 
reaches  a  maximum  during  the  period 
from  midsummer  to  early  spring  (March), 
and  a  minimum  in  early  summer  (June) ; 
the  frequency  of  the  "Chiricahua"  gene  ar- 
rangement undergoes  a  cycle  which  is  the 
reverse  of  that  of  the  "Standard";  and  the 
"Arrowhead"  gene  arrangement  changes 
its  frequency  relatively  little.  For  an  inter- 
pretation of  these  changes,  the  fact  that 
they  are  connected  with  the  annual  climatic 
cycle  seems  to  be  illuminating.  It  suggests 
the  hypothesis  that,  in  the  populations 
where  the  changes  are  observed,  the  differ- 
ent chromosome  types  are  subject  to  nat- 
ural selection.  The  "Standard"  chromo- 
somes, or  at  least  a  majority  of  them,  con- 
tain genes  which  are  favorable  to  the  flies 
in  summer  environments  and  relatively 
unfavorable  in  spring;  the  gene  contents 
of  the  "Chiricahua"  chromosomes  are  ad- 
vantageous in  spring  but  disadvantageous 
in  summer;  the  "Arrowhead"  chromo- 
somes have  no  seasonal  advantages  or  dis- 
advantages. Natural  selection  causes  a  re- 
construction of  the  species  in  accordance 
with  the  seasonal  changes  in  the  environ- 
ment. 
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The  changes  take  place  with  great  speed;  tition  is  very  keen,  and  if  the  population 

for  example,  in  one  of  the  localities  the  of  the  box  consists  of  two  or  more  types 

frequency    of   the    "Chiricahua"    chromo-  with  different  adaptive  values  under  the 

somes  in  the  population  is  about  doubled  conditions  of  the  experiment,  the  propor- 

in  spring,  and  then  reduced  to  approxi-  tions  of  these  types  will  change  with  time, 

mately  one-half  in  summer,  within  a  space  To  detect  the  changes,  the  populations  are 

of  about  four  months.   The  average  num-  sampled  at  approximately  monthly  inter- 

ber  of  generations  that  the  flies  can  pro-  vals.   For  this  purpose,  a  jar  with  the  cul- 

duce  during  this  time  can  hardly  be  greater  ture  medium  is  introduced  into  the  box, 

than  five  or  six.   Now,  if  the  selective  ad-  and  withdrawn  in  about  24  hours;  some 

vantages  and  disadvantages  of  the  different  of  the  eggs  deposited  in  it  are  transferred 

types  of  chromosomes  are  as  great  in  nature  to  regular  culture  bottles,  and  the  larvae 

as  these  observations  indicate,  we  must  be  that  develop  are  used  to  examine  the  chro- 

able  to  reproduce  in  laboratory  experiments  mosomes  in  the   salivary-gland  cells.    To 

at  least  some  of  the  changes  wrought  by  characterize  the  status  of  the  population 

natural   selection  outdoors.    To  test  this,  in  a  box  at  a  given  time,  it  has  been  found 

artificial    populations   of   flies    whose    an-  desirable  to  take  on  successive  days  6  sam- 

cestors  were  captured  on  Mount  San  Ja-  pies  of  eggs,  and  to  obtain  50  chromosome 

cinto  have  been  created  and  studied.  determinations     from     each     sample — 300 

A  modification  of  the  apparatus  for  mak-  chromosomes  in  all. 

ing    artificial    populations    of    Drosophila  Experiments  have  been  made  with  the 

devised  some  years  ago  by  l'Heritier  and  populations  in  the  boxes  kept  at  tempera- 

Teissier  is  being  used.    Our  version  is  a  tures  from  16.50  to  25 °  C,  with  fresh  food 

43  X  30  X  13.5  cm.  box  with  a  wooden  bot-  introduced   from   twice   in   three   days   to 

torn,  a  glass  top,  and  a  wire  screen  in  one  once   in   five   days,   with   mixtures   of  all 

of  the  sides  for  ventilation.    The  bottom  three   chromosome   types    (Standard,   Ar- 

has  15  openings  closed  by  corks,  each  of  rowhead,  Chiricahua)  or  only  two  of  them 

which  carries  a  Stender  jar  with  regular  (Standard  and  Chiricahua),  and  with  dif- 

Drosophila  culture  medium.    At  the  be-  ferent  initial  frequencies  of  the  different 

ginning  of  the  experiment,  a  known  mix-  types.   Experiments  of  this  kind  will  have 

ture  of  the  flies  with   different  gene  ar-  to  be  continued  for  at  least  another  two 

rangements  in  their  chromosomes  is  intro-  years.    The  results  obtained  so  far,  how- 

duced  into  the  box.    At  regular  intervals  ever,  are  promising.    Up  to  now,  no  sys- 

one  of  the  corks  is  withdrawn,  a  jar  with  tematic  changes  in  the  frequencies  of  the 

fresh  culture  medium  substituted  for  the  chromosomal  types  have  been  observed  in 

one   with   the   worked-out   medium,   and  the  boxes  kept  at  16.50   C.    But  in  every 

the  cork  returned  to  its  old  place.    With  experiment  carried  at  21  °  C.  or  above  (as 

some  practice  this  operation  can  be  accom-  well  as  at  fluctuating  room  temperatures), 

plished  with  few  or  no  flies  escaping  from  the  frequencies  of  the  "Standard"  chromo- 

the  box.    The  fly  population  in  the  box  somes   have   increased   with   time   to   sta- 

grows  to  a  size  compatible  with  the  amount  tistically    significant   extents.     In   contrast 

of  food  available.    The  number  of  eggs  with  this,  the  "Chiricahua"  chromosomes 

deposited  by  the  flies  in  each  jar,  however,  have  in  all  cases  become  reduced  in  fre- 

is  very  much  greater  than  that  of  the  flies  quency,  sometimes  strikingly  so.   The  fre- 

that  eventually  develop  in  it.   The  compe-  quencies  of  the  "Arrowhead"  chromosomes 
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may  remain  constant  or  may  be  somewhat 
reduced. 

These  preliminary  results  prove  beyond 
reasonable  doubt  that  chromosomes  with 
different  gene  arrangements  found  in 
populations  of  Mount  San  Jacinto  produce 
physiological  effects  on  their  carriers,  and 
are  therefore  subject  to  the  action  of  natural 
selection.  Many  uncertainties,  however, 
must  be  cleared  away  by  further  work. 
We  can  reproduce  in  the  laboratory  the 
changes  that  take  place  in  the  natural  popu- 
lations during  the  summer,  but  not  those 
realized  during  the  spring  months.  It  re- 
mains to  be  seen  whether  the  process  of 
natural  selection  tends  toward  complete 
elimination,  under  laboratory  conditions, 
of  some  chromosome  types  and  their  com- 
plete replacement  by  others,  or  whether 
the  end  result  of  selection  is  the  establish- 
ment of  a  definite  equilibrium  of  the  com- 
peting types.  Finally,  nothing  is  known 
about  the  physiological  effects  of  the  dif- 
ferent chromosome  types  that  cause  the 
latter  to  be  favored,  or  discriminated 
against,  by  natural  selection. 

Collecting  Drosophila  in  Brazil 

Studies  on  the  population  genetics  of 
Drosophila  pseudoobscura  in  the  western 
United  States  have  emphasized  the  impor- 
tance of  the  environment  in  which  a  spe- 
cies lives  in  determination  of  its  genetic 
structure  and  of  the  evolutionary  possibili- 
ties of  the  latter.  As  has  been  shown  above, 
a  cyclic,  and  apparently  adaptive,  recon- 
struction of  the  species  genotype  ensues  in 
response  to  the  seasonal  climatic  changes. 
It  may  be  noted  that  seasonal  climatic 
changes,  everywhere  in  the  temperate  zone 
and  in  many  tropical  climates,  also  cause 
cyclic  expansions  and  contractions  of  the 
population  density  of  species  that  give 
more  than  a  single  generation  per  year. 
Such  pulsations  of  the.  population  density 
may  have  profound  effects  on  the  genetic 


population  structure  and  on  population 
dynamics.  But  even  regardless  of  the  num- 
ber of  generations  produced  per  year,  any 
species  living  in  temperate  or  cold  coun- 
tries is  exposed,  at  different  seasons,  to  pro- 
foundly different  environments.  A  genetic 
variant  which  is  very  favorable  during,  for 
example,  the  summer  season  will  be  dis- 
criminated against  by  natural  selection  if  it 
is  unable  to  survive  the  winter.  Only  spe- 
cies with  reaction  norms  versatile  enough 
so  that  they  feel  at  home  in  many  different 
environments  can  exist  in  lands  with  sharp 
seasonal  changes  of  climate.  On  the  other 
hand,  the  relatively  invariant  tropical  cli- 
mates may  favor  perfection,  rather  than 
versatility,  in  the  organic  adaptation. 

These  theoretical  considerations  led  to 
formulation  of  a  plan  of  studies  on  the 
genetic  structure  of  species  that  inhabit 
tropical  countries,  where  the  seasonal  cli- 
matic changes  are  small,  or  at  least  appre- 
ciably smaller  than  in  the  temperate  zone. 
An  opportunity  to  initiate  this  type  of 
research  presented  itself  in  1943,  during 
the  writer's  stay  as  a  visiting  professor  at 
the  University  of  Sao  Paulo,  Brazil,  work- 
ing under  the  auspices  of  the  Committee 
for  Inter-American  Artistic  and  Intellectual 
Relations.  The  work  was  carried  on  in 
cooperation  with  Professor  Andre  Dreyfus, 
of  the  University  of  Sao  Paulo,  whose  ex- 
cellent hospitality  the  writer  has  pleasure 
in  acknowledging. 

A  preliminary  survey  of  the  Drosophila 
fauna  of  the  state  of  Sao  Paulo  and  of  the 
Federal  District  of  Brazil  was  undertaken 
in  cooperation  with  Mr.  Crodovaldo  Pavan, 
for  the  purpose  of  identifying  species  which 
are  promising  as  materials  for  more  inten- 
sive genetic  investigation  in  the  future.  A 
total  of  33  species  have  been  bred  in 
laboratory  cultures.  Of  these,  6  species  are 
semicosmopolitan  forms,  which  occur 
chiefly  in  or  close  to  human  habitations. 
The  other  27  species  appear  to  be  native, 
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and  as  many  as  two-thirds  of  them  had  to 
be  described  as  new  to  science.  There  can 
be  no  doubt  that  the  number  of  species 
living  in  southern  Brazil  is  much  greater 
than  that  named  above;  in  fact,  at  least 
60  species  have  been  collected.  Since,  how- 
ever, the  purpose  of  the  work  is  genetic 
rather  than  taxonomic  investigation,  only 
those  species  which  have  reproduced  on 
the  standard  banana  culture  medium  in 
the  laboratory  have  been  studied  and  de- 
scribed. Thanks  to  the  unfailing  kindness 
of  Dr.  Felizberto  de  Camargo,  director  of 
the  Instituto  Agronomico  do  Norte  in 
Belem  do  Para,  the  writer  was  able  to 
work  for  about  six  weeks  in  the  Amazon 
Valley.  Not  even  a  preliminary  survey 
of  the  enormous  Drosophila  fauna  of 
this  region  could  be  made  in  so  short  a 
stay,  but  some  very  valuable  material  was 
secured. 

Among  the  16  or  more  Brazilian  species 
available  in  the  laboratory,  3  species — 
namely,  Drosophila  prosaltans,  D.  willis- 
toni,  and  D.  nebulosa — have  been  chosen 
as  promising  material  for  further  detailed 
work.  It  is  hoped  that  enough  mutant 
genes  can  be  obtained  in  these  species  to 
bring  their  chromosomes  under  at  least 
partial  genetic  control,  which  might  permit 
an  analysis  to  be  made  of  their  genetic 
population  structure.  This  work  program, 
planned  to  take  several  years,  has  been 
initiated  in  cooperation  with  Mr.  B. 
Spassky.  Aside  from  this  relatively  long- 
range  plan,  the  material  collected  in  Brazil 
presents  many  opportunities  for  interesting 
special  studies.  A  preliminary  report  on 
one  such  study  is  given  below. 

Sexual  Isolation  within  a  Species 

It  is  known  that  representatives  of  differ- 
ent species  do  not  mate  at  random,  even 
if  they  occur  side  by  side  in  the  same 
territory.  It  is  possible  to  demonstrate  ex- 
perimentally that  if  females  of  two  species 


are  confined  with  males  of  one  of  them, 
the  result  usually  is  that  a  greater  propor- 
tion of  the  conspecific  than  of  the  foreign 
females  is  inseminated.  This  preference 
for  homogamic  matings  (like  with  like), 
and  avoidance  of  heterogamic  unions  (be- 
tween unlikes),  has  been  observed  almost 
entirely  between  representatives  of  distinct 
species.  Yet  any  kind  of  difference  found 
between  species  should,  theoretically,  be 
found — in  at  least  a  rudimentary  or  frag- 
mentary form — within  species  as  well. 
Some  of  the  Brazilian  species  of  Drosophila 
have  distribution  areas  which  extend  north 
as  far  as  Mexico  and  even  the  southern 
United  States.  Thanks  to  the  courtesy  of 
Professors  J.  T.  Patterson  and  A.  H.  Sturte- 
vant,  the  writer  received  several  strains  of 
Drosophila  willistoni,  D.  prosaltans,  and 
D.  sturtevanti  collected  in  Mexico  and  Gua- 
temala. This  furnishes  an  opportunity  to 
test  strains  of  the  same  species  coming  from 
geographically  very  remote  localities,  for 
possible  sexual  isolation  between  them. 

Strains  of  Drosophila  willistoni  from 
different  parts  of  Brazil  (Belem  do  Para, 
Rio  de  Janeiro,  state  of  Sao  Paulo)  show 
no  trace  of  sexual  isolation.  Males  of  any 
one  of  these  strains,  kept  with  females  of 
their  own  and  of  another  Brazilian  strain, 
inseminate  both  kinds  of  females  at  ran- 
dom. If,  however,  Brazilian  males  are 
placed  with  a  mixture  of  Brazilian  and 
Guatemala  females,  more  of  the  former 
than  of  the  latter  are  inseminated.  In  a 
similar  situation,  Guatemala  males  either 
inseminate  the  two  classes  of  females  at 
random,  or  else  give  a  statistically  sig- 
nificant excess  of  inseminations  of  Bra- 
zilian females.  There  is,  however,  a  strain 
collected  at  Tefte,  state  of  Amazonas, 
Brazil,  the  flies  from  which  refuse  almost 
entirely  to  cross  with  any  other  D.  willis- 
toni strain,  even  if  no  choice  of  mates  is 
available.  When,  exceptionally,  cross-in- 
semination does  take  place,  viable  offspring 
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are  seldom,  if  ever,  produced.  A  com- 
parison of  the  Teffe  flies  with  other  strains 
of  D.willistoni  fails  to  disclose  any  external 
difference  between  them  except  for  the 
slightly  smaller  body  size  of  the  Teffe  flies. 
The  only  physiological  difference  so  far 
noted  is  that  D.  willistoni  flies  begin  to 
copulate  sooner  after  hatching  from  pupae 
than  do  Teffe  flies.  Despite  the  lack  of 
good  external  differences,  Teffe  flies  belong 
to  a  species  separate  from  D.  willistoni. 
Because  of  the  almost  complete  sexual  isola- 
tion, gene  exchange  between  populations 
of  these  species  in  nature  must  be  absent 
or  very  slow.  By  the  same  criterion,  the 
Guatemala  and  the  Brazilian  strains  belong 
to  the  same  species,  D.  willistoni;  indeed, 
the  deviation  from  randomness  of  mating 
between  them  is  relatively  small,  and  the 
mating  preference,  being  one-sided,  would 
not  constitute  an  impediment  to  the  gene 
flow  from  the  Brazilian  into  the  Guate- 
mala race. 

Strains  of  Drosophila  prosaltans  coming 
from  the  states  of  Guerrero  and  San  Luis 
Potosi  in  Mexico,  from  Guatemala,  from 
Belem  do  Para,  and  from  the  state  of  Sao 
Paulo  in  Brazil  have  been  used.  Males  of 
each  strain  were  kept  for  a  certain  length 
of  time  (3  to  4  days)  with  mixtures  of 
females  of  their  own  and  of  other  strains, 
after  which  all  the  females  were  dissected 
and  their  seminal  receptacles  examined 
under  a  microscope  for  the  presence  or 
absence  of  spermatozoa.  The  results  can 
be  stated  as  follows :  The  strains  examined 
form  a  hierarchy  in  the  order  indicated 
above.  If  males  of  a  strain  high  in  the 
hierarchy  are  kept  together  with  females 
of  their  own  strain  and  of  a  strain  lower 
in  the  hierarchy,  homogamic  matings  are 
significantly,  and  often  strikingly,  more 
frequent  than  heterogamic  ones.  But 
when  males  of  a  strain  low  in  the  hierarchy 
are  placed  with  females  of  their  own  and 
of  a  higher   strain,   heterogamic   matings 


exceed  in  frequency  the  homogamic  ones. 
The  Guatemala  and  Belem  strains  deviate 
from  the  behavior  just  described,  to  the 
extent  that  males  of  strains  lowermost  in 
the  hierarchy  (the  Sao  Paulo  strains)  in- 
seminate their  own  females  in  preference 
to  those  of  Guatemala  and  Belem.  In  other 
words,  females  of  the  high  (Mexican) 
strains  are  inseminated  preferentially,  re- 
gardless of  what  kind  of  males  are  used  in 
mixed  cultures;  but  Guatemala,  Belem, 
and  Sao  Paulo  strains  show  a  perceptible 
mutual  repulsion.  It  may  be  noted  that 
the  deviations  from  randomness  of  mat- 
ings increase  hand  in  hand  with  the  dis- 
tances between  the  localities  in  which  the 
strains  were  collected,  Mexico  and  south- 
ern Brazil  being  the  known  extremes. 
The  work  on  D.  prosaltans  has  been  car- 
ried on  in  cooperation  with  Mr.  George 
Streisinger. 

The  strains  of  Drosophila  sturtevanti 
employed  in  the  experiments  came  from 
the  state  of  San  Luis  Potosi  in  Mexico, 
from  Guatemala,  and  from  Belem  do  Para, 
Rio  de  Janeiro,  and  the  state  of  Sao  Paulo 
in  Brazil.  The  Rio  de  Janeiro  and  Sao 
Paulo  strains  interbreed  at  random;  but 
with  this  exception  any  two  strains  show, 
when  mixed,  more  or  less  clearly  pro- 
nounced preferences  for  homogamic  mat- 
ing. Though  the  intensity  of  these  prefer- 
ences is  usually  smaller  than  the  deviations, 
from  randomness  of  mating  found  in  mix- 
tures of  D.  prosaltans  strains,  yet  the  geo- 
graphic races  of  D.  sturtevanti  are  farther 
on  the  road  to  development  of  sexual 
isolation  than  are  the  races  of  D.  prosaltans. 
This  is  so  because  a  consistent  mutual 
repulsion  between  representatives  of  differ- 
ent strains  is  found  only  as  an  exception  in 
D.  prosaltans  (see  above),  and  it  is  defi- 
nitely the  rule  in  D.  sturtevanti. 

Thus,  mating  preferences  are  met  with 
not  infrequently  within  species  of  Dro- 
sophila.   Sexual   isolation — i.e.,   a   mutual 
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aversion  to  interbreeding — is,  evidently,  a 
special  type  of  preferential  mating.  But, 
though  various  forms  of  preferential  mat- 
ing occur  between  races  of  a  species,  true 
sexual  isolation  is  the  rule  where  full- 
fledged  species  of  Drosophila  are  con- 
cerned. Now,  sexual  isolation,  like  other 
forms  of  reproductive  isolating  mecha- 
nisms, prevents  populations  from  exchang- 
ing genes.  Natural  selection  will  favor  the 
establishment  of  sexual  isolation  (or  of 
other  reproductive  isolating  mechanisms) 
if  the  germ  plasms  of  two  populations 
have  diverged  so  much  that  their  mixing 
and  recombination  lead  to  formation  of 
unfavorable  genotypes.  Natural  selection 
can  be  effective,  however,  only  if  the  popu- 
lations upon  which  it  acts  contain  genetic 
variants  with  which  it  can  operate;  natural 


selection  itself  cannot  produce  such  vari- 
ants. The  genetic  factors  which  produce 
mating  preferences  between  strains  of  a 
species,  such  as  we  observe  in  Drosophila 
willistoni  and  D.  prosaltans,  may  be  re- 
garded as  raw  materials  from  which  func- 
tional isolating  mechanisms  may  arise 
through  a  process  of  natural  selection.  The 
situations  found  within  the  species  D.  wil- 
listoni (excluding  the  TefTe  strain)  and  D. 
prosaltans  are,  if  this  hypothesis  is  correct, 
precursors  of  the  sexual  isolation  which  is 
observed  in  a  rudimentary  form  in  D. 
sturtevanti.  An  intensification  of  this 
would  lead  to  the  species  splitting  up  into 
two  or  more  daughter  species  nearly  or 
completely  isolated  from  each  other  by  a 
mutual  sexual  repulsion,  as  observed  be- 
tween D.  willistoni  and  the  Tefre  species. 


MAIZE  GENETICS 

Barbara  McClintock 


Completion  of  the  Study  of  the  Allelic 
Relations  of  Deficiency  Mutants 

During  this  year  studies  were  completed 
of  13  mendelizing  recessive  mutants  asso- 
ciated with  homozygous  small  terminal 
deficiencies  of  the  short  arm  of  chromo- 
some 9.  All  13  mutants  arose  independ- 
ently following  breakage  of  the  short  arm 
of  a  chromosome  9  which  resulted,  in  each 
case,  in  deletion  of  a  small  terminal  seg- 
ment. Seven  of  these  mutants  gave  a  pale- 
yellow  seedling  phenotype  (designated  pyd 
1  to  7)  and  six  gave  a  white  seedling  pheno- 
type (designated  wd  1  to  6).  A  detailed 
description  of  these  mutants,  their  method 
of  origin,  and  the  extent  of  the  deficiencies 
was  given  in  Year  Book  No.  42.  Comple- 
tion of  these  studies  consisted  in  (1)  veri- 
fying the  allelic  if  not  identical  nature  of 
all  7  pyd  mutants,  (2)  verifying  the  allelic 
nature  of  all  6  wd  mutants,  (3)  determin- 
ing that  all  7  pyd  mutants  were  allelic  to 


and  dominant  over  all  6  wd  mutants,  (4) 
determining  that  all  7  pyd  mutants  were 
not  allelic  to  the  recessive  mutant  yg-i 
(yellow-green  plants),  and  (5)  determin- 
ing that  all  6  wd  mutants  were  allelic  and 
recessive  to  yg-2.  The  results  of  the  com- 
pleted tests  confirm  the  interpretation  of 
the  anomalous  allelic  relations  given  in  the 
previous  report. 

The    Chromosome-Breakage    Mechanism 

as  a  Means  of  Producing  Directed 

Mutations 

The  7  pyd  and  6  wd  mutants  intensively 
studied  illustrate  the  repeated  occurrence 
of  phenotypically  and  genetically  similar 
mutants  following  breakage  of  the  short 
arm  of  chromosome  9.  If  large  numbers 
of  newly  broken  chromosomes  9  could  be 
tested,  many  more  pyd  and  wd  mutants 
should  appear.  The  following  method  was 
used  to  test   3287  newly  broken  chromo- 
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somes  9  for  the  presence  of  the  pyd  or  wd 
deficiency  mutants  among  these  chromo- 
somes: Large  numbers  of  functional  male 
gametes  containing  recently  broken  chro- 
mosomes 9  may  be  obtained  by  the  method 
outlined  in  last  year's  report.  Pollen  with  a 
large  proportion  of  grains  carrying  a  re- 
cently broken  chromosome  9  was  placed 
on  the  silks  of  plants  possessing  one 
normal  chromosome  9  and  one  chromo- 
some 9  with  a  female-transmissible  long 
terminal  deficiency.  Whenever  male  gam- 
etes with  recently  broken  chromosomes  9 
are  delivered  by  pollen  tubes  to  female 
gametes,  kernels  with  morphologically 
normal  endosperms  will  arise  when  the 
female  gametophyte  contributes  the  normal 
chromosome  9.  In  contrast,  aberrant  endo- 
sperms will  be  formed  when  the  female 
gametophyte  contributes  the  chromosome 
9  with  a  long  terminal  deficiency  of  the 
short  arm.  This  is  because  the  broken 
chromosome  9  delivered  by  the  male  parent 
undergoes  the  chromatid  type  of  breakage- 
fusion-bridge  cycle  during  the  development 
of  the  endosperm  tissues.  This  mechanism 
brings  about  deletions  of  terminal  seg- 
ments of  the  short  arm  of  this  chromosome 
9  in  some  cells.  Since  the  chromosomes  9 
delivered  by  the  female  parent  are  already 
deficient  for  a  long  terminal  segment,  the 
telophase  nucleus  which  receives  this  newly 
broken  male  chromosome  9  will  be  homo- 
zygous deficient  for  a  segment  of  the  short 
arm  of  chromosome  9.  In  such  nuclei,  the 
extent  of  the  homozygous  deficiency  may 
range  from  minute  to  the  full  extent  of  the 
deficiency  of  the  chromosomes  9  delivered 
by  the  female  parent.  Cells  having  any  of 
these  homozygous  deficiencies  are  viable 
and  capable  of  multiplication.  Cells  that 
are  homozygous  deficient  for  the  longer 
deficiencies  produce  sectors  within  the  en- 
dosperm that  are  aberrant  either  in  aleu- 


rone  color  development  or  in  growth  rates. 
These  sectors  are  readily  recognizable.  It 
is  possible,  then,  to  select  from  an  ear 
kernels  that  have  received  a  deficient  chro- 
mosome 9  from  the  female  parent  and  a 
recently  broken  chromosome  9  from  the 
male  parent.  In  the  recently  broken  chro- 
mosome 9  delivered  to  the  zygote,  the  chro- 
matid type  of  breakage-fusion-bridge  cycle 
usually  ceases  in  the  young  sporophytic 
tissues.  The  broken  end  no  longer  under- 
goes fusions,  and  the  mitotic  behavior  of 
this  chromosome  is  normal  from  then  on. 
If  this  healed  broken  chromosome  9  has  at 
least  a  full  genomic  complement  of  the 
short  arm,  green  seedlings  should  arise 
from  the  embryos  of  these  kernels.  If  it 
has  a  short  terminal  deficiency,  either  pale- 
yellow  or  white  seedlings  could  appear.  If 
it  has  a  long  terminal  deficiency,  the  em- 
bryos homozygous  for  these  longer  defi- 
ciencies would  be  expected  to  be  inviable. 
A  total  of  3287  seedlings  was  obtained 
from  kernels  that  were  classified  by  their 
endosperm  appearance  as  having  received 
a  deficient  chromosome  9  from  the  female 
parent  and  a  newly  broken  chromosome  9 
from  the  male  parent.  Of  these  seedlings, 
77  were  typical  pale-yellow  mutants  in 
phenotype,  and  48  were  typical  white  mu- 
tants. Although  tests  for  allelism  of  these 
125  new  mutants  could  not  be  made  with 
the  7  pyd  and  6  wd  mutants  intensively 
studied,  the  methods  of  origin  and  detec- 
tion of  these  mutants  make  it  difficult  to 
conclude  that  they  do  not  represent  the 
repeated  occurrence  of  phenotypically  and 
genetically  similar  mutants.  From  the  in- 
tensive study  of  the  7  pyd  and  6  wd  mu- 
tants alone,  it  is  obvious  that  the  chromo- 
some-breakage mechanism  is  a  means  of 
independently  inducing  the  same  muta- 
tions time  and  again.  In  this  respect,  the 
mutation  process  is  directed. 
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Continuation  of  the  Chromatid  Type  of 

Breakage-Fusion-Bridge  Cycle  in  the 

Sporophytic  Tissues 

Among  the  seedlings  which  arose  from 
the  study  outlined  in  the  foregoing  sec- 
tion, a  type  of  behavior  of  the  recently 
broken  chromosome  9  delivered  by  the 
male  parent  was  observed  that  had  pre- 
viously not  been  recognized.  All  the  ker- 
nels from  one  ear  that  had  received  a  defi- 
cient chromosome  from  the  female  parent 
and  a  recently  broken  chromosome  from 
the  male  parent  were  planted  under  a 
single  culture  number.  In  many  cultures, 
the  green  seedlings  arising  from  these  ker- 
nels were  normal  in  appearance.  In  some 
cultures,  a  few  seedlings  were  variegated 
for  fine  streaks  of  colorless,  defective  tissue. 
In  a  very  few  cultures,  20  to  30  per  cent  of 
the  green  seedlings  were  so  variegated.  All 
degrees  of  variegation  were  represented 
among  these  seedlings,  some  showing  only 
a  few  small  sectors  of  variegated  tissue 
whereas  others  were  variegated  through- 
out. The  kind  of  variegation  strongly  sug- 
gested that  the  chromatid  type  of  breakage- 
fusion-bridge  cycle  had  not  ceased  in  the 
young  embryo,  but  that  the  chromosome 
with  the  broken  end  was  continuing  this 
process  into  the  sporophytic  tissues.  If  this 
were  true,  just  such  variegation  would  be 
expected,  because  the  chromatid  type  of 
breakage-fusion-bridge  cycle  would  con- 
stantly delete  segments  from  the  short  arm 
of  the  chromosome  9  delivered  by  the  male 
parent.  Since  the  chromosome  9  delivered 
by  the  female  parent  was  already  deficient 
for  a  relatively  long  terminal  segment, 
nuclei — and  thus  sectors  of  homozygous 
deficient  tissues — could  be  produced.  These 
tissues  should  have  chlorophyll  abnormali- 
ties, since  it  is  known  that  a  homozygous 
deficiency  for  the  tip  of  the  short  arm  re- 
sults in  absence  of  chlorophyll.  The  tissues 
with  the  longer  homozygous  deficiencies 


could  be  expected  to  grow  at  a  slower  rate 
than  tissues  with  a  full  genomic  comple- 
ment. Thus,  the  fine  streaks  with  chloro- 
phyll modifications  might  represent  these 
sectors  of  homozygous  deficient  tissues. 

In  most  cases,  the  relative  amount  of 
variegated  tissue  diminished  in  the  older 
leaves.  Sectors  of  nonvariegated  tissue  were 
constantly  arising  as  the  plant  developed. 
In  no  case  was  the  whole  plant  variegated 
at  the  time  of  maturity.  This  suggested 
that  the  breakage-fusion-bridge  cycle  had 
ceased  in  the  precursor  cell  or  cells  of  these 
sectors,  and  that  the  broken  end  of  chro- 
mosome 9  had  healed  and  was  no  longer 
undergoing  sister  chromatid  fusions. 

Cytological  examination  of  the  anaphase 
figures  in  young  leaves,  in  young  shoots, 
and  in  the  growing  glumes  of  the  florets, 
and  of  the  meiotic  division  figures  con- 
firmed the  interpretation.  In  those  regions 
of  a  plant  where  it  could  be  concluded  that 
no  variegation  was  occurring,  no  bridges 
at  anaphase  were  found.  In  the  parts  of 
the  plant  where  it  could  be  expected  that 
variegation  for  defective  tissue  was  con- 
tinuing, a  single  chromosome  producing  a 
bridge  configuration  at  anaphase  was  ob- 
served in  many  figures.  To  determine 
whether  a  single  chromatid  bridge  occurs 
in  each  mitotic  figure,  observations  were 
made  of  the  mitotic  figures  in  the  growing 
glumes  of  very  young  florets  in  those  plants 
that  showed  very  few  recovered  sectors 
(that  is,  nonvariegated  sectors  which  arise 
following  healing  of  the  broken  end  in  the 
precursor  cell  or  cells  that  gave  rise  to  the 
sector).  Since  healing  of  the  broken  end 
was  rare  in  these  plants,  many  of  the  mi- 
totic figures  in  these  glumes  could  be  ex- 
pected to  show  a  bridge  configuration  at 
anaphase.  Counts  were  confined  to  mid 
and  late  anaphases  and  to  the  very  early 
telophase  figures.  Accurate  observations  of 
bridge  configurations  could  not  be  made 
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in  the  earlier  anaphases  because  of  the 
crowding  of  the  chromosomes  in  the 
spindle  figure.  The  results  are  given  in  the 
following  table: 

Mid  to  late  anaphase: 

Single  bridge    234 

No  bridge   77 

Early  telophase: 

Single  bridge    92 

No  bridge   299 

In  many  cases  where  a  scoring  of  "no 
bridge"  was  made,  it  was  obvious  that  a 
bridge  had  been  present  but  had  been 
broken  by  tension  shortly  before  fixation 
had  occurred.  This  applies  particularly  to 
the  late-anaphase  figures,  although  a  num- 
ber of  such  figures  were  observed  at  early 
telophase.  Breakage  of  a  chromatin  bridge 
may  occur  at  relatively  early  anaphase. 
However,  breakage  of  the  bridge  may  not 
occur  at  either  the  anaphase  or  the  follow- 
ing telophase,  for  a  fine  chromatin  bridge 
connecting  two  resting  nuclei  was  fre- 
quently observed.  The  time  of  breakage 
of  a  bridge  configuration  may  be  related, 
in  part,  to  the  absolute  length  of  the 
chromatin  in  the  bridge.  Among  the  dif- 
ferent cells,  this  may  vary  from  very  short 
to  very  long.  The  time  of  breakage  may 
likewise  be  governed,  in  part,  by  the  length 
of  the  cell  itself,  which  controls  the  extent 
to  which  the  spindle  may  elongate.  When 
the  spindle  axis  is  long,  a  short  bridge  may 
be  broken  early.  When  the  axis  is  com- 
pressed, even  a  short  bridge  may  not  be 
broken  in  this  spindle  figure. 

That  it  was  the  broken  chromosome  9 
contributed  by  the  male  parent  which  con- 
tinued the  chromatid  type  of  breakage- 
fusjon-bridge  cycle,  from  the  time  of  the 
first  breakage  at  meiosis  in  the  male  parent 
through  the  gametophytic  divisions  and 
then  through  the  consecutive  sporophytic 
divisions,  was  shown  by  examination  of 
pachytene  configurations  in  these  plants. 


When  the  variegation  continued  into  the 
microsporocyte  tissues,  the  recognizable  de- 
ficient chromosome  9  contributed  by  the 
female  parent  and  a  newly  broken  chro- 
mosome 9  contributed  by  the  male  parent 
were  evident.  The  chromatin  constitution 
of  the  short  arm  of  the  newly  broken  chro- 
mosome 9  varied,  however,  from  cell  to  cell 
within  the  same  anther.  Various  types  of 
duplication,  reduplication,  deficiency,  and 
deficiency  plus  duplication  of  the  short 
arm  were  recognizable  among  the  many 
microsporocytes  examined.  In  these  cells, 
the  two  sister  chromatids  of  the  newly 
broken  chromosome  9  were  fused  at  the 
position  of  the  previous  breakage,  which 
occurred  in  the  last  premeiotic  anaphase. 
This  was  evident  from  a  study  of  the 
meiotic  anaphases  in  those  anthers  where 
the  breakage-fusion-bridge  cycle  had  con- 
tinued into  meiosis.  A  single  chromatid 
bridge  with  no  accompanying  fragment 
was  present  in  many  sporocytes,  in  either 
the  first  or  the  second  meiotic  anaphase.  It 
could  appear  in  the  first  meiotic  mitosis  if 
a  crossover  had  occurred  between  one  of 
the  fused  chromatids  and  a  chromatid  of 
the  mitotically  normal  homologue..  In  the 
anthers  examined,  it  most  frequently  ap- 
peared in  the  second  meiotic  anaphase,  as 
shown  by  the  table : 

First  meiotic  anaphase: 

Single  bridge    20 

No  bridge   64 

Second  meiotic  anaphase: 

Single  bridge  in  one  cell  of  dyad 83 

No  bridge  in  either  cell  of  dyad 25 

In  the  second  division  anaphases,  the 
dyads  showing  no  bridge  configuration 
usually  gave  evidence  that  a  bridge  had 
occurred  in  the  first  meiotic  mitosis  (for 
type  of  evidence,  see  McClintock,  1938). 
It  may  be  concluded,  then,  that  each  sporo- 
cyte  will  show  a  chromatid  bridge  at  a 
meiotic  anaphase  if  it  has  received  a  chro- 
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mosome  which  was  broken  at  the  last  pre-  mutant  bm-i  (brown  midrib;  see  McClin- 

meiotic  anaphase,  provided  that  the  broken  tock,  1941)  and  appeared  when  the  Bm-i 

end  has  not  healed  in  the  interim.  locus  had  been  removed  from  the  chromo- 

These  studies  of  bridge  configurations  some;  that  is,  when  the  plant  was  homo- 
in  somatic  and  meiotic  mitoses  strongly  zygous  deficient  for  the  Bm-i  locus.  Selec- 
support  the  conclusion  that  a  single  chro-  tion  of  these  two  regions  of  the  genomic 
matin  bridge  configuration  will  occur  in  complement  for  studies  of  homozygous 
every  successive  mitosis  until  the  broken  deficiencies  was  purely  a  matter  of  chance 
end  is  healed  by  some,  as  yet  undeter-  and  was  governed  by  structural  abnormali- 
mined,  cause.  This  healing  may  occur  at  ties  which  happened  to  occur  in  these  two 
any  time.  If  the  broken  end  had  healed  regions.  It  is  reasonable  to  believe,  there- 
in one  or  more  of  the  archesporial  cells,  fore,  that  many  mutations,  distributed 
clusters  of  sporocytes  within  an  anther  throughout  the  whole  chromosome  corn- 
should  show  the  same  chromatin  consti-  plement  in  maize,  could  arise  as  the  conse- 
tution  of  the  short  arm  of  the  broken  chro-  quence  of  homozygous  minute  deficien- 
mosome  9.  This  was  observed  in  the  cies.  Studies  are  now  under  way  to  test 
pachytene  examinations  of  a  few  of  the  this  hypothesis  by  subjecting  the  short  arm 
anthers  of  the  highly  variegated  plants.  Gf  chromosome  9  to  processes  which  could 

It  is  now  realized  that  it  is  possible  for  produce  minute  internal  deficiencies  within 

the    chromatid    type    of    breakage-fusion-  tnis  arm  0f  tbe  chromosome.  Several  meth- 

bridge  cycle  to  continue  indefinitely.  Most  ods    are    being    employed.     One    method 

of  the  plants  with  chromatid  bridges,  how-  utlllzes  the  crir0matid  bridge  cycle,  which 

ever,  appeared  in  only  4  of  the  188  cultures.  sometimes   brings   about   the   deletion   of 

This  suggests  that  some  controlling  genetic  smaU  mtemal  segments  of  the  short  arm 

factors   may   be   responsible   for   the  con-  o£  chromosome  ^    It  has  been  observed 

tinuation   of  the   chromatid   bridge   cycle  .1    .  .1     .                        1             •    u  •  1 

°       J  that  the  tension  on  a  chromatin  bridge  at  a 

into  the  sporophytic  tissues.  1                          n                      u 

r      r   ;  mitotic  anaphase  occasionally  may  result 

in  breakages  of  this  bridge  at  more  than 

Homozygous  Deficiency  as  a  Cause  of  one      ^^  betW£en  the  ^  centromeres. 


Mutation  in  Maize 


The  fragments  produced  may  or  may  not 


Methods   of  obtaining  internal   minute  enter  one  of  the  telophase  nuclei.  Follow- 

deficiencies.  It  has  been  demonstrated  that  ing  this  type  of  breakage,  and  following 

the  recessive  mutations  pyd  and  wd,  which  particular  types  of  fusion  of  the  broken 

are    comparable    in    genetic    behavior    to  ends  in  the  succeeding  nucleus,  it  is  pos- 

typical  recessive  mutants,  arise  following  sible  to  obtain  a  chromosome  9  having  an 

deletions  of  small  terminal  segments  of  the  internal  deficiency  within  the  short  arm. 

short  arm  of  chromosome  9.  It  has  likewise  An   internal   deficiency   may   likewise   be 

been  shown  that  deletions  of  small  seg-  produced  if  the  anaphase  chromosomes  are 

ments  of  chromatin  in  a  region  adjacent  to  composed  of  two  sister  strands.    When  a 

the  centromere  of  the  short  arm  of  chromo-  bridge  configuration  is  present,  breakage 

some  5  will  give  rise  to  visible  mutations.  A  of  the  two  strands  at  anaphase  may  occur 

number  of  such  mutants,  which  were  re-  at  a  different  position  within  each  strand, 

peatedly   produced,   have   been  identified.  If  this  is  followed  in  the  succeeding  nucleus 

One  of  these  exactly  simulated  and  was  by  fusion  of  the  broken  ends  of  the  two 

allelic  to  the  previously  known  recessive  unequal  sister  strands,  and  if  a  particular 
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position  of  breakage  occurs  in  the  bridge  plants  that  have  a  deficient  chromosome  9 
at  the  next  anaphase,  an  internal  deficiency  contributed  by  the  female  parent  and  a 
may  arise  in  one  of  the  broken  chromo-  newly  broken  chromosome  9  contributed 
somes.  Should  the  broken  end  heal,  a  chro-  by  the  male  parent,  this  newly  broken 
mosome  9  with  an  internal  deficiency  could  chromosome  9  having  continued  the  break- 
be  isolated.  age-fusion-bridge    cycle    into    the    sporo- 

Since  it  is  known  that  the  chromatid  phytic  tissues  (see  the  third  section  of  this 
type  of  breakage-fusion-bridge  cycle  may  report).  In  these  plants,  sectors  of  mutant 
bring  about  internal  deficiencies,  mutations  tissue  appeared.  Such  sectors  are  to  be 
other  than  pyd  and  wd  could  appear  in  expected  following  structural  modifications 
some  of  the  seedlings  which  were  grown  within  the  short  arm  of  chromosome  9 
to  test  the  frequency  of  appearance  of  pyd  which  arise  during  the  successive  chroma- 
and  wd  (as  described  in  the  second  section  tid  bridge  cycles.  Should  a  deletion  of  a 
of  this  report) .  In  the  cross  that  gave  rise  small  segment  occur  within  the  range  of 
to  these  seedlings,  the  female  parent  con-  the  deficiency  in  the  female  chromosome  9, 
tributed  a  chromosome  9  deficient  for  and  should  this  broken  chromosome  sub- 
nearly  one-third  of  the  terminal  segment  sequently  heal,  a  sector  of  homozygous 
of  the  short  arm.  The  male  parent  con-  deficient  tissue  could  be  initiated.  As 
tributed  a  chromosome  9  which  had  under-  might  be  expected,  many  pale-yellow  and 
gone  the  breakage-fusion-bridge  cycle  in  white  sectors  were  observed.  Also,  in  some 
at  least  the  preceding  gametophytic  divi-  cases,  the  phenotypic  characters  of  these 
sions.  If  this  chromosome  has  an  internal  sectors  were  similar  to  those  observed  in 
deficiency  which  lies  within  the  range  of  the  new  mutant  seedlings  mentioned 
the  deficiency  in  the  chromosome  9  con-  above.  Mutant  sectors  of  the  same  pheno- 
tributed  by  the  female  parent,  a  seedling  type  were  observed  in  different  plants, 
with  a  visible  mutation  could  appear,  pro-  This  is  to  be  expected  on  the  basis  of  the 
vided  that  the  homozygous  deficiency  hypothesis  outlined,  for  the  same  mutant 
allows  viable  tissues  to  be  formed.  An  should  appear  whenever  the  same  homo- 
occasional  seedling  with  an  obvious  muta-  zygous  deficiency  is  present, 
tion  other  than  pyd  and  wd  did  appear  A  second  method  of  obtaining  internal 
among  the  3287  seedlings.  Some  were  deficiencies  in  the  short  arm  of  chromo- 
viable  and  these  mutants  are  now  being  some  9  is  based  on  the  behavior  of  dicentric 
tested  to  determine  whether  they  are  chromosomes  9.  The  dicentric  chromo- 
located  within  the  short  arm  of  chromo-  some  is  formed  following  the  fusion  of 
some  9  and  whether  they  are  associated  a  broken  end  of  the  short  arm  of  the 
with  a  visible  structural  modification  of  the  chromosome  9  introduced  by  the  female 
arm.  Other  types,  particularly  those  with  gamete  with  a  similar  chromosome  9 
defective  chlorophyll,  were  inviable;  but  introduced  by  the  male  gamete.  The 
the  isolation  of  such  mutants  for  further  behavior  of  this  dicentric  chromosome 
study  is  being  conducted  by  a  method  has  been  described  in  the  two  previous 
which  is  more  laborious  but  which  will  reports.  Following  a  succession  of  the 
insure  their  genetic  perpetuation.  chromosome     type     of     breakage-fusion- 

A  very  striking  confirmation  of  the  pro-  bridge  cycle,  the  two  broken  ends  enter- 

duction  of  mutations  other  than  pyd  and  ing  a  nucleus  may  heal  and  the  two  chro- 

wd  by  the  chromatid  type  of  breakage-  mosomes  9  may  be  mitotically  normal  from 

fusion-bridge  cycle   was  observed   in   the  then    on.    While    this    chromosome    type 
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of  breakage  cycle  is  in  progress,  segments 
of  the  short  arm  are  continually  shifting 
their  positions.  This  may  result  in  the 
production  of  an  internal  deficiency  in  one 
or  both  of  the  healed  broken  chromosomes 
9.  If  these  healed  broken  chromosomes 
with  internal  deficiencies  are  male  and 
female  transmissible,  it  should  be  possible 
to  obtain  plants  homozygous  for  these  in- 
ternal deficiencies.  Mutations  due  to  these 
deficiencies  could  then  appear.  New  mu- 
tants other  than  pyd  and  wd  have  been 
isolated  from  the  progeny  of  these  plants. 
One  of  these  mutants  is  phenotypically 
similar  and  genetically  allelic  to  one  of 
the  mutants  obtained  by  the  chromatid 
type  of  bridge  cycle  outlined  above. 

The  repeated  occurrence  of  the  yg-2 
phenotype  following  chromosome  break- 
age. Other  than  pyd  and  wd,  the  most 
frequently  recognized  mutant  arising  from 
the  chromosome  and  chromatid  bridge 
cycles  simulates  in  detail  the  phenotypic 
expression  of  the  known  recessive  mutant 
yg-2  (yellow-green  plants).  This  mutant 
is  located  in  the  terminal  chromomere 
of  the  short  arm  of  chromosome  9.  As 
stated  previously,  77  pyd  and  48  wd  mu- 
tants appeared  in  the  progeny  of  the  3287 
seedlings  derived  from  zygotes  that  had 
received  a  deficient  chromosome  from  the 
female  parent  and  a  newly  broken  chro- 
mosome 9  from  the  male  parent.  There 
were,  in  addition,  6  yellow-green  mutants. 
Four  of  these  died  following  transplanta- 
tion from  the  seedling  bed,  but  2  survived. 
Cytological  examination  of  the  chromo- 
somes 9  in  these  2  surviving  plants  showed 
that  the  male  parent  had  introduced  a 
newly  broken  chromosome  9  and  that  the 
female  parent  had  contributed  the  chro- 
mosome 9  with  the  long  terminal  defi- 
ciency. No  terminal  deficiency  was  pres- 
ent, however,  in  the  newly  broken  chro- 
mosome 9.  When  each  of  these  two  newly 
broken  chromosomes  was  combined  with 


a  chromosome  carrying  the  normal  yg-2 
mutant,  yellow-green  plants  appeared. 
Thus,  these  two  newly  derived  yellow- 
green  mutants  are  allelic  to  yg-2.  When 
combined  with  wd,  both  of  the  new  yel- 
low-green mutants  gave  yellow-green 
plants;  in  this  respect,  they  are  similar  to 
yg-2.  They  also  gave  yellow-green  plants 
when  combined  with  each  other.  A  third 
yellow-green  mutant,  derived  from  a  di- 
centric chromosome  9  which  had  under- 
gone the  chromosome  bridge  cycle,  be- 
haved similarly  in  its  phenotypic  and 
genetic  expressions.  Furthermore,  the 
typical  yellow-green  phenotype  appeared 
as  a  recovered  sector  in  plants  starting 
development  with  a  dicentric  chromosome 
9  and  in  plants  with  a  deficient  chromo- 
some 9  and  a  chromosome  9  undergoing 
the  chromatid  type  of  bridge  cycle.  In 
several  cases,  these  sectors  extended  into 
the  sporogenous  tissues,  allowing  the 
broken  chromosome  carrying  the  new 
yellow-green  mutation  to  be  isolated.  At 
present,  7  new  yellow-green  mutants  are 
being  tested. 

The  relatively  frequent  and  independent 
occurrence  of  mutants  having  the  yellow- 
green  phenotype  suggests  that  they  may 
be  caused  by  a  homozygous  small  internal 
deficiency.  It  is  realized  that  many  of  the 
internal  deficiencies  which  are  male  and 
female  transmissible  and  which  produce 
visible  mutations  when  homozygous  may 
not  be  cytologically  recognizable.  This  is 
because  the  piece  deleted  may  be  too  short 
for  an  accurate  determination.  Such  de- 
ficiencies, however,  must  be  produced  by 
the  chromosome  and  chromatid  types  of 
breakage-fusion-bridge  cycles.  Because  of 
our  accumulating  knowledge  that  homo- 
zygous minute  deficiencies  will  give  rise 
to  mutant  phenotypes,  it  is  expected  that 
some  of  these  deficiencies  will  produce 
visible  mutations.  Furthermore,  the  meth- 
ods  should   produce   the   same   mutation 
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time  and  again.  This  has  been  shown  for  an  endosperm  develops  which  is  variegated 
pyd  and  wd,  where  the  deficiencies  are  for  sectors  of  homozygous  deficient  tissues, 
cytologically  obvious,  and  for  yellow-green  This  is  due  to  the  chromatid  type  of 
mutants,  where  the  deficiency  may  not  be  breakage-fusion-bridge  cycle  which  the 
so  easily  detected.  An  intensive  study  of  chromosome  introduced  by  the  male  par- 
the  chromosomes  carrying  these  new  yel-  ent  undergoes.  This  cycle  constantly  de- 
low-green  mutations  will  be  conducted.  letes  segments  from  the  short  arm  of  this 
Preliminary  evidence  suggesting  that  the  chromosome  during  the  development  of 
bz  phenotype  may  be  simulated  by  a  ho-  the  endosperm.  The  sectors  that  are  homo- 
mozygous  deficiency  of  the  Bz  locus.  The  zygous  deficient  for  the  terminal  deficiency 
recessive  mutant  bz  (bronze)  described  by  are  completely  normal  in  appearance,  but 
Rhoades  produces  a  "bronzing"  of  both  the  sectors  that  are  homozygous  deficient 
aleurone  and  plant  color.  In  the  plant  for  the  internal  deficiency  are  similar  in 
cells,  the  bronze  character  is  due  to  the  phenotypic  appearance  to  homozygous  bz 
presence  of  brown  pigment  in  addition  if  not  indistinguishable  from  it.  As  yet, 
to  red  or  purple  pigment.  Only  a  small  only  one  plant  has  been  available  to  test 
amount  of  purple  or  red  pigment  develops  the  effect  of  the  homozygous  deficiency 
in  the  aleurone  grains  of  endosperms  that  on  plant  color.  This  plant  was  variegated 
are  homozygous  bz.  This  mutant  is  located  for  normal  and  homozygous  deficient  tis- 
in  the  short  arm  of  chromosome  9  between  sues.  In  the  limited  regions  where  plant 
the  mutant  C  and  the  centromere  (Rhoades,  color  developed,  sectors  of  normal  color 
unpublished).  A  chromosome  9  that  had  (Bz)  and  sectors  that  were  similar  to  the 
undergone  the  chromatid  bridge  cycle  for  recessive  bz  phenotype  were  observed.  The 
several  nuclear  generations  and  is  deficient  colored  cells  in  normal  (Bz)  plants  and  in 
for  a  total  of  approximately  12  chromo-  bronze  (bz  bz)  plants  were  compared 
meres  has  been  isolated.  Two  deficiencies  microscopically  with  the  normal  and  the 
are  present  in  this  chromosome:  a  small  bronzelike  sectors  of  the  variegated  plant, 
terminal  deficiency,  which  gives  rise  to  pyd  As  far  as  these  observations  permit  a  judg- 
when  homozygous,  and  a  longer  internal  ment,  the  type  of  color  modification  in  the 
deficiency  located  between  C  and  the  cen-  homozygous  deficient  sectors  of  the  varie- 
tromere.  When  this  deficient  chromosome  gated  plant  was  similar  to  that  in  homo- 
was  combined  with  a  normal  chromosome  zygous  bz  plants.  Although  the  evidence 
carrying  bz,  the  bronze  phenotype  ap-  is  preliminary,  it  strongly  suggests  that  the 
peared  in  both  the  aleurone  and  the  plant,  bronze  phenotype  may  be  simulated  by  a 
This  suggested  that  the  Bz  locus  is  in-  homozygous  deficiency  of  the  Bz  locus, 
eluded  in  the  internal  deficiency.  The  tests  It  is  possible  that  the  recessive  mutant  bz, 
that  have  been  conducted  so  far  have  or  a  deficiency  of  the  Bz  locus,  exerts  its 
shown  that  the  bronze  phenotype  will  effect  on  the  interrelated  anthocyanin-an- 
appear  when  the  aleurone  and  plant  tis-  thoxanthin  synthesis  in  the  cell.  The  in- 
sues  are  homozygous  deficient  for  the  in-  vestigations  are  being  conducted  in  co- 
ternal  deficiency  of  this  chromosome,  operation  with  Dr.  M.  M.  Rhoades. 
When  this  deficient  chromosome,  minus  This  deficient  chromosome  is  transmitted 
the  Bz  locus,  is  introduced  into  the  pri-  normally  through  the  female  gametophyte. 
mary  endosperm  nucleus  by  the  female  It  is  worthy  of  note  that  this  chromosome 
parent,  and  a  newly  broken  chromosome  with  a  relatively  long  total  deficiency  is 
9  with  Bz  is  introduced  by  the  male  parent,  partially   male   transmissible.    Plants   pos- 
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sessing  one  normal  chromosome  9  and  this  deficient  chromosome.    When  this  pollen 

deficient   chromosome   9   produce    pollen  was  placed  on  silks  of  normal  plants,  1092 

one-half  of  which  carries  the  normal  chro-  of  the  9689  functional  pollen  grains  tested 

mosome  and  one-half  of  which  carries  the  carried   the  deficient  chromosome. 


POLYPLOIDY  INVESTIGATIONS 

H.  E.  Warmke  and  Harriet  Davidson 


Russian  Dandelion 

Last  year  we  reported  preliminary 
studies  indicating  that  roots  of  experi- 
mental tetraploid  plants  of  the  Russian 
dandelion,  Taraxacum  \o\-saghyz,  were 
heavier  than  those  of  corresponding  dip- 
loid plants.  More  extensive  compari- 
sons, made  during  the  course  of  this  year, 
substantiate  last  year's  findings  and  add 
data  on  relative  water  and  rubber  content. 

Measurements  of  fresh  and  dry  root 
weights,  and  of  rubber  percentages,  were 
made  on  55  diploid  and  62  tetraploid 
plants.  These  were  selected  from  as  many 
different  families  as  possible,  so  as  to 
minimize  the  sampling  errors  in  this 
genetically  diverse  material;  only  plants 
grown  under  similar  conditions  and  of 
the  same  age  were  compared.  Approxi- 
mately one-third  of  the  plants  were  grown 
in  pots  in  the  greenhouse;  the  others  were 
grown  in  experimental  plots  out  of  doors. 

The  superiority  in  rubber  yield  of  the 
tetraploid  plants  is  clearly  indicated  in  the 
accompanying  table.  The  tetraploids  have 
a  significantly  greater  mean  root  weight 
and  a  slightly  higher  mean  rubber  per- 
centage than  the  diploids.  The  water  con- 
tent of  the  two  forms,  as  indicated  by  loss 


of  weight  in  drying,  does  not  differ  sig- 
nificantly. 

Hemp 

Marihuana  studies.  Last  year  we  were 
able  to  report  that  the  drug  content  of 
hemp,  Cannabis  sativa,  was  slightly  but 
significantly  affected  by  one  generation  of 
selection.  Now,  after  three  generations, 
we  can  report  important  reductions  in 
marihuana  content  in  selected  strains.  The 
results  are  shown  graphically  in  figure  1. 

Tests  were  made  on  264  plants,  from  28 
different  cultures,  whose  parents,  grand- 
parents, and  great-grandparents  had  been 
selected  because  of  low  drug  content. 
These  plants  killed  an  average  of  3.00  ± 
0.12  animals  with  our  standard  Daphnia 
assay  (Year  Book  No.  42).  One  hundred 
and  thirty-eight  plants  from  13  cultures, 
whose  parents,  grandparents,  and  great- 
grandparents  had  been  selected  because  of 
high  drug  content,  were  also  tested,  and 
were  found  to  kill  an  average  of  6.46  ± 
0.15  animals.  In  terms  of  concentrations, 
these  figures  represent  nearly  a  fourfold 
difference  in  marihuana  content.  The 
average  difference  between  these  strains 
is  highly  significant   (Diff./S.E.  =  18.21), 


Relative  weight  and  rubber  content  of  diploid  and  tetraploid  roots  of  T.  kok-saghyz 


2n 

4m  ...... . 

Diff./S.E 


No. 
plants 


55 
62 


No.  diff. 

families 


18 
16 


Mean  fresh 

root  wt. 

(g.) 


8.88=1=0.91 

16.65  ±1.65 

4.13 


Range,  mean 

fresh  root 

wt.  (g.) 


0.4    to  31.4 
2.35  to  56.5 


Loss  of  wt.  in 
drying  (%) 


73.26±0.66 

72.45±0.57 

0.90 


Mean  % 

rubber, 

dry  roots 


2.14±0.26 

2.95±0.28 
2.13 


Range, 
rubber  %, 
dry  roots 


0.0  to  8.9 
0.0  to  7.1 
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and  would  have  been  more  so  had  not  the 
limitation  of  concentrations  used  in  the 
assay  cut  off  the  extreme  high  and  low 
limbs  of  the  curves  (fig.  1). 

It  would  be  of  great  interest  to  know 
how  the  divergence  of  the  two  strains 
came  about;  but,  because  of  modifications 
which  have  been  introduced  in  the  method 
of  assay  since  its  inception,  it  is  difficult 
to  compare  accurately   the  present  high- 


as  to  make  it  of  little  value  to  the  vender 
of  "reefers." 

Tests  have  been  made  during  the  year, 
using  pure  chemicals  and  extracts  of 
known  marihuana  activity,  to  determine 
the  specificity  of  the  Daphnia  assay.  Sam- 
ples of  a  charas  distillate  of  known  physio- 
logical activity,  of  the  active  tetrahydro- 
cannabinol acetate,  and  of  the  toxic  but 
physiologically  inactive  crystalline  canna- 


4  5  6 

NUMBER     OF  ANIMALS    KILLED 


Fig.  1.  Average  marihuana  potencies  of  high-  and  low-content  strains  of  hemp  after  three  genera- 
tions of  selection,  as  measured  by  the  Daphnia  assay.  The  difference  of  the  means  is  highly 
significant  (Diff./S.E.  =  18.21). 


and  low-content  strains  with  the  unse- 
lected  parental  stock.  It  would  appear, 
however,  from  such  comparisons  as  are 
possible,  that  the  divergence  has  resulted 
largely  from  a  decrease  in  the  drug  con- 
tent of  the  low  strain;  little,  if  any,  in- 
crease appears  to  have  been  effected  in 
the  high  strain.  For  this  reason,  leaf 
samples  from  the  low  strains  are  shortly 
to  be  sent  to  the  Bureau  of  Narcotics  to 
determine  whether,  even  now,  the  drug 
content  may  be  approaching  a  level  so  low 


binol  acetate  were  obtained  from  Dr.  H.  J. 
Wollner,  of  the  U.  S.  Treasury  Depart- 
ment. A  sample  of  the  active  synthetic 
hexyl  derivative  of  tetrahydrocannabinol 
was  obtained  from  Dr.  Roger  Adams,  of 
the  University  of  Illinois. 

These  materials  all  were  found  to  give 
strong  positive  tests  with  Daphnia.  The 
fact  that  the  crystalline  cannabinol  acetate 
is  inactive  on  dogs  and  gives  a  strong 
positive  test  with  Daphnia  shows  clearly 
that  the  Daphnia  assay  is  not  specific  for 
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the  marihuana  drug.  It  doubtless  will  give 
a  positive  result  with  any  acetone  soluble 
compound  within  this  toxicity  range.  This, 
however,  does  not  reduce  its  usefulness 
as  an  assay  method  in  a  breeding  pro- 
gram such  as  the  present  one.  All  com- 
pounds of  known  physiological  activity 
that  we  have  tested  have  given  positive 
results,  and  this  is  the  important  con- 
sideration. In  using  the  Daphnia  assay, 
one  measures  any  and  all  toxic  substances 
in  hemp  leaves  that  are  extracted  with 
acetone,  whether  or  not  these  have  the 
specific  marihuana  activity. 

The  perfection  of  a  reliable  method  of 
assay  has  made  possible  experiments  de- 
signed to  establish  the  place  of  synthesis 
of  the  marihuana  drug  and  the  impor- 
tance of  the  drug  in  the  metabolism  of 
the  hemp  plant.  Reciprocal  grafts  were 
made,  at  the  ground  level,  between  plants 
of  hemp  and  hop,  Humulus  lupulus. 
Those  combinations  in  which  hemp  stems 
were  grafted  onto  hop  roots  failed,  but 
the  combinations  of  hop  stems  on  hemp 
roots  were  successful  and  permitted  assays 
to  be  made.  Hop  leaves  from  these  unions 
were  found  to  contain  as  much  drug  as 
leaves  from  intact  hemp  plants,  even 
though  leaves  from  intact  hop  plants  are 
completely  nontoxic.  This  indicates  that 
hemp  roots  play  an  important  role  in  the 
synthesis  of  marihuana.  Whether  or  not 
they  are  the  sole  site  of  synthesis,  as  the 
roots  of  Nicotiana  tabacum  are  in  the 
synthesis  of  nicotine  (Dawson,  1942),  can- 
not be  known  until  after  the  successful 
completion  of  the  reciprocal  hemp-on-hop 
grafts. 

Sex  mechanism.  Studies  on  the  sex 
mechanism  of  hemp,  which  have  been 
under  way  for  some  time  in  this  labora- 
tory, are  now  ready  for  summary.  The 
X  and  Y  chromosomes  in  this  species  do 
not  differ  sufficiently  in  size  to  be  distin- 
guishable by  routine  cytological  examina- 


tion; therefore,  resort  must  be  had  to 
genetic  analysis  of  polyploid  ratios  in  such 
studies. 

In  diploid  crosses,  males  and  females 
appear  in  the  progeny  approximately  in 
a  1:1  ratio  (777:873).  When  diploid  males 
and  females  are  transformed  into  tetra- 
ploids  by  colchicine  treatment,  however, 
and  then  intercrossed,  a  ratio  of  approxi- 
mately 7.5  females  and  female-hermaphro- 
dites to  each  male  (83:11)  is  found  to 
result.  Because  of  the  appearance  of  the 
new  class,  4A  XXXY,  a  shift  in  the  sex 
ratio  in  the  Fi  4/2  generation  is  expected, 
and  has  been  observed  in  Melandrium  and 
Silene.  In  both  these  latter  species,  how- 
ever, there  was  an  excess  of  males  and  a 
deficiency  of  females. 

There  appear  to  be  two  possible  ex- 
planations for  the  excess  of  females  in 
the  Fi  tetraploid  populations  of  hemp. 
Either  (1)  the  XXXY  class  is  female  or 
female-hermaphrodite  and  not  sharply  dis- 
tinguishable from  the  XXXX  type  (con- 
trary to  the  observed  cases  in  Melandrium 
and  Silene,  where  this  class  is  male  or 
male-hermaphrodite) ;  or  (2)  the  female 
in  hemp  may  be  the  heterogametic  (XY) 
sex.  In  the  latter  case,  the  types  XXXY 
and  XXYY  would  be  grouped  together, 
as  in  Melandrium  and  Silene;  but  in  this 
case  they  would  be  female  and  hermaphro- 
ditic, and  the  XXXX  type  would  be  male. 

There  is  some  cytological  evidence 
(Mackay,  1939)  and  good  genetic  evi- 
dence (McPhee,  1925)  that  the  female  is 
not  heterogametic  in  hemp.  We  have 
confirmed  McPhee's  results  with  our  own 
stocks  by  selflng  partially  hermaphroditic 
diploid  females  and  obtaining  predomi- 
nantly female  progenies.  The  latter  ex- 
planation for  the  excess  of  females  among 
the  first-generation  tetraploid  progenies, 
which  requires  the  female  to  be  hetero- 
gametic, would  therefore  appear  unlikely. 

If   the   first   assumption   is   the   correct 
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one,  there  should  be  two  classes  of  Fi  /\n 
females,  XXXXand  XXX Y;  and  it  should 
be  possible  to  detect  these  types  by  the 
method  employed  to  determine  the  hetero- 
gametic  sex  in  Silene  otites  (Year  Book 
No.  41).  If  XXXX  individuals  are  crossed 
to  XY  males,  only  XXX  and  XXY  indi- 
viduals should  appear  in  the  offspring;  no 
males  would  be  expected.  If  XXXY  in- 
dividuals are  crossed  to  XY  males,  the 
expected  ratio  is  1  XXX:  2  XXY:i  XYY. 
It  is  likely  that  XXX  and  XXY  types 
would  intergrade,  and  thus  yield  a  popu- 
lation of  3  females  and  female-hermaphro- 
dites to  each  male  (XYY). 

Tetraploid  females  obtained  directly  by 
colchicine  treatment  (of  necessity  XXXX 
if  the  male  is  heterogametic)  when  crossed 
to  diploid  males  have  yielded  11  females 
and  female-hermaphrodites  and  no  males. 
Of  a  total  of  31  triploid  pedigrees  obtained 
by  crossing  Fi  tetraploid  females  (pre- 
sumably containing  XXXX  and  XXXY 
individuals  in  a  ratio  of  approximately 
1 : 6.5)  with  diploid  males,  2  were  found 
to  be  predominantly  female  (57  females 
and  female-hermaphrodites  to  1  male)  and 
29  had  approximately  3  females  and 
female-hermaphrodites  to  each  male  (677: 

257)- 

Hemp,  therefore,  would  seem  to  differ 

from  Melandrium  and  Silene  in  having 
a  different  balance  between  male  and  fe- 
male genes,  such  that  XX,  XXX,  and 
XXXX  individuals  are  female,  XXXY  and 
XXY  individuals  are  female  or  female- 
hermaphrodite,  and  XY,  XXYY,  and 
XYY  individuals  are  male.  F2  and  sub- 
sequent tetraploid  generations  presum- 
ably are  composed  of  the  offspring  of 
XXXX  and  XXXY  individuals  crossed 
with  XXYY  males. 

Melandrium 

The  Y  chromosome  in  Melandrium  has 
been  found  occasionally  to  undergo  spon- 


taneous breakage  in  2A  XXY  individuals, 
with  the  resulting  formation  of  hermaph- 
rodites in  which  growth  of  the  male  struc- 
tures is  arrested  during  late  stages  of 
development.  A  study  of  these  aberrations 
is  made  possible  in  this  material  because 
any  deficiency  that  arises  in  the  Y  chromo- 
some is  "covered"  by  a  full  set  of  genes 
in  the  accompanying  X  and  thus  may  be 
transmitted  to  the  offspring. 

Young  blossoms  from  a  plant  which  has 
received  a  normal  X  and  a  deficient  Y 
from  one  side  (usually  the  female),  and 
a  normal  X  from  the  other,  appear  normal; 
both  male  and  female  structures  are 
formed,  and  meiosis  occurs  in  the  regular 
fashion.  Male  development  is  arrested 
shortly  thereafter,  however;  filaments  fail 
to  elongate,  the  anthers  do  not  expand 
normally,  and  no  viable  microspores  are 
produced.  Female  development  is  regular 
in  such  flowers,  and  a  normal  set  of  seed 
may  be  obtained  if  viable  pollen  from  an- 
other source  is  applied  to  the  stigmas.  In 
some  pedigrees  these  male-sterile  hermaph- 
rodites constitute  as  much  as  18  per  cent 
of  the  total  number  of  hermaphrodites. 
Generally,  however,  they  are  less  numerous 
and  average  only  2-3  per  cent. 

An  examination  of  the  chromosomes  at 
meiosis  in  the  young  anthers  of  32  of 
these  modified  hermaphrodites  has  re- 
vealed shortened  Y  chromosomes,  which 
fail  to  synapse  with  either  of  the  X's.  The 
broken  Y  chromosomes  are  of  different 
lengths  in  different  plants;  they  range 
from  Y's  almost  indistinguishable  from 
normal  in  length  to  small  spherical  frag- 
ments the  approximate  diameter  of  an  un- 
broken chromosome.  These  aberrant  Y 
chromosomes  are  all  centric  and  behave 
as  univalents  during  the  first  meiotic  divi- 
sion, and,  if  incorporated  within  nuclei, 
they  divide  in  a  normal  fashion  at  the 
second  meiotic  division. 
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A  cytological  examination  of  the  root 
tips  of  these  same  male-sterile  plants  has 
yielded  more  exact  information  as  to  the 
nature  of  the  Y  deficiencies.  Usually  one 
arm  only  is  shortened;  this  may  involve  as 
little  as  one-fifth  of  the  arm  or  larger  seg- 
ments, through  gradual  stages,  to  what 
appears  to  be  the  complete  loss  of  the  arm. 
In  the  roots,  the  small  spherical  fragments 
seen  at  first  meiotic  metaphase  in  the  an- 
thers prove  to  have  both  arms  involved; 
one  arm  appears  to  be  lost  completely  and 
the  other  reduced  to  about  one-half.  At 
the  present  stage  of  the  investigation  it  is 
impossible  to  state  whether  these  deficien- 
cies are  interstitial  or  terminal,  although 
the  latter  appears  probable.  The  length 
of  the  Y  deficiency  and  the  degree  of  ab- 
normality are  not  linearly  related.  When 
the  Y  chromosome  is  only  slightly  short- 
ened, the  resulting  plant  is  male  sterile; 
larger  deficiencies  do  not  produce  a  more 
extreme  effect.  When  the  entire  Y  chro- 
mosome is  absent,  however,  as  in  2A  XX 
plants,  no  male  structures  develop  at  all. 

There  would  thus  appear  to  be  at  least 
two  regions  in  the  Y  chromosome  which 
are  of  major  importance  in  the  develop- 
ment of  maleness.  One,  which  is  proximal 
and  present  in  the  smallest  observed  frag- 
ments, is  responsible  for  the  initiation  of 
anther  and  filament  primordia,  and  carries 
male  development  through  meiosis.  The 
other  is  probably  distal,  and  is  responsible 
for  elongation  of  the  filaments  and  matu- 
ration of  the  pollen  grains. 


Problems  of  great  theoretical  importance 
still  remain  to  be  solved  for  a  complete 
understanding  of  the  sex  mechanism  in 
this  species.  Among  these  are:  (1)  The 
cause  of  the  spontaneous  aberrations  of 
the  Y  chromosome,  especially  a  determi- 
nation of  whether  this  breakage  is  asso- 
ciated with  the  process  of  synapsis  and 
crossing  over  in  the  X  and  Y  chromosomes. 
(2)  The  precise  location  of  the  important 
male-determining  genes  in  the  differential 
or  homologous  arms  of  the  Y  chromo- 
some. (3)  A  resolution  of  the  present 
dilemma  concerning  the  behavior  of  the 
broken  Y  chromosome.  That  is,  if  one  or 
more  male  genes  are  located  in  the  homol- 
ogous arm  of  the  Y  chromosome,  why  are 
they  not  exchanged  with  genes  from  the 
X  during  crossing  over,  thus  causing  a 
breakdown  of  the  dioecious  habit?  If,  on 
the  other  hand,  these  genes  are  located  in 
the  differential  arm,  why  does  a  small 
deficiency  there  interfere  with  synapsis  be- 
tween the  homologous  arms  of  the  X  and 
Y  chromosomes,  as  is  seen  to  be  the  case? 
(4)  Establishment  of  the  number  and  loca- 
tion of  genes  in  the  X  chromosome  which 
govern  the  sequence  of  events  in  the  de- 
velopment of  femaleness.  (5)  Finally,  an 
understanding  of  the  mode  of  action  and 
interaction  of  male  and  female  genes, 
when  brought  together  in  the  2A  XXY 
hermaphrodite  in  this  species,  which  has 
evolved  a  strict  separation  of  sexes  in 
nature. 


MOUSE  GENETICS 

E.  C.  MacDowell,  M.  J.  Taylor,  and  T.  Laanes 


Longevity  and  the  Incidence  of 
Leukemia 


leukemic    strain    are    lengthened    as    the 

mother's  age  at  their  birth  increases  (Year 

In  contrast  with  the  situation  in  non-      Book  No.  42,  p.  127).    This  finding  has 

leukemics,   the   lives  of  hybrid   leukemic      necessitated  further  study  of  longevity  in 

mice  from  mothers  of  the  pure-bred  non-      relation  to  other  variables  appearing  in  the 
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data  from  the  familiar  second  backcross 
experiment.  In  a  still  earlier  report,  based 
on  a  statistical  analysis  made  by  Dr.  John 
Go  wen,  the  major  genetic  influence  on 
the  incidence  of  leukemia  was  credited  to 
inherited  factors  regulating  the  length  of 
life,  but  it  now  appears  that  no  such  simple 
interpretation  will  stand.  It  is  easy  to 
record  age  at  death  and  to  apply  statistical 
analysis,  but  to  determine  what  is  actually 
measured  by  longevity  is  a  problem  com- 
parable in  its  complexity  to  determining 
what  is  measured  by  the  incidence  of  leu- 
kemia. A  long  life  may  be  due  to  natural 
or  acquired  resistance  to  the  common 
causes  of  death,  whether  these  are  specific 
pathological  entities  or  physiological  weak- 
nesses. At  the  other  extreme,  long  life  may 
be  due  to  the  avoidance  of  pathogens  or 
physiological  stresses.  The  incidence  of 
leukemia  will  be  modified  by  longevity 
factors  that  have  specific  action  upon  leu- 
kemia, and  also  by  longevity  factors  that 
have  specific  action  upon  non-leukemic 
causes  of  death;  but  in  the  absence  of 
all  specificity,  longevity  '  factors  will  not 
modify  incidence. 

In  this  experiment  longevity  is  modified 
by  a  diversity  of  variables,  which  bear 
diverse  relations  to  the  incidence  of  leu- 
kemia; namely,  the  parturition  age  of  the 
mother,  the  strain  of  the  nurse,  sex,  and, 
as  previously  recognized,  the  genetic  con- 
stitution of  the  father.  According  to  the 
current  interpretation,  the  nongenetic  lon- 
gevity influence  that  varies  with  mother's 
age  is  specific  for  leukemia  and  acts  by 
delaying  the  time  of  appearance  of  the 
disease,  thus  markedly  modifying  the  inci- 
dence. The  influence  of  one  nurse  strain 
is  to  delay  death  of  male  and  female  leu- 
kemics (which  does  not  change  the  inci- 
dence of  leukemia),  and  also  to  counteract 
certain  non-leukemic  conditions  that  ap- 
pear in  males  (which  increases  the  inci- 
dence of  leukemia  in  males).  The  sex  in- 


fluence gives  females  greater  resistance  to 
certain  causes  of  non-leukemic  death,  and 
so  increases  the  incidence  of  leukemia 
among  females;  but  this  effect  upon  inci- 
dence seems  to  be  partly  counterbalanced 
by  a  slight  resistance  on  the  part  of  females 
to  the  appearance  of  leukemia.  The  ge- 
netic paternal  influence  upon  longevity  is 
nonspecific  both  for  leukemia  and  for  other 
causes  of  death,  and  so,  resisting  leukemia 
as  effectively  as  other  causes  of  death,  does 
not  modify  the  incidence  of  leukemia. 
This  reverses  the  earlier  interpretation  and 
requires  the  assumption  of  other  genetic 
differences  between  fathers  that  directly 
modify  the  incidence  of  leukemia. 

How  effectively  the  incidence  of  leu- 
kemia is  influenced  by  longevity  may  de- 
pend on  the  strength  of  the  genetic  tend- 
ency; that  is,  on  the  number  of  potential 
leukemics.  If  the  potential  leukemics  are 
few,  a  considerable  differential  change  in 
length  of  life  will  make  slight  change  in 
the  incidence  of  leukemia;  whereas,  if  the 
potential  leukemics  are  many,  the  reverse 
may  be  true.  Thus  the  longevity  influence 
associated  with  mother's  age  has  a  striking 
influence  upon  the  incidence  of  leukemia 
in  families  with  strong  leukemic  tenden- 
cies, and  virtually  none  in  families  with  a 
very  weak  tendency.  Much  the  same  re- 
lation probably  applies  to  the  nurse-strain 
effect.  A  complete  report  of  the  second 
backcross  experiment  is  ready  for  publi- 
cation. 

FOSTER-NURSING    EXPERIMENT 

In  order  to  obtain  confirmation  of  the 
nurse-strain  and  mother's-age  effect  on  the 
incidence  of  leukemia,  indicated  in  the 
second  backcross  experiment,  two  special 
experiments  have  been  set  up.  The  one  on 
mother's  age  includes  two  sets  of  mice 
(all  females),  one  from  young  mothers, 
one  from  old  mothers.  The  mothers  were 
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all  from  strain  StoLi,  and  all  nursed  their 
own  young;  the  fathers  were  all  from 
strain  C58,  and  each  was  mated  to  both 
young  and  old  mothers.  The  breeding  for 
this  experiment  has  recently  been  com- 
pleted. 

In  the  experiment  on  foster  nursing, 
two-thirds  of  the  animals  have  died  and 
been  diagnosed  by  gross  autopsies.  Certain 
results  are  already  so  clear  that  a  pre- 
liminary report  seems  desirable.  The  mice 
were  first-generation  hybrids  between 
strains  C58  and  StoLi.  Both  strains  were 
used  as  mothers.  No  mouse  had  a  drop 
of  its  own  mother's  milk.  Each  litter  was 
divided  among  foster  nurses  from  three 
strains.  The  outstanding  results  are:  (1) 
that,  with  nurses  from  the  same  strain, 
the  incidence  of  leukemia  is  influenced 
by  the  strain  of  the  mother;  (2)  that,  with 
mothers  from  the  same  strain,  the  inci- 
dence  of  leukemia   is   influenced   by   the 


strain  of  the  nurse.  These  results  appear 
within  each  sex,  and  the  effects  of  the  age 
of  the  mothers  are  largely  balanced  out. 
Within  each  nurse  strain,  C58  mothers 
gave  more  leukemia  than  StoLi  mothers; 
within  each  strain  of  mother,  StoLi  nurses 
gave  consistently  a  lower  incidence  of  leu- 
kemia than  Balb  nurses.  According  to  the 
present  totals,  C58  nurses  are  responsible 
for  somewhat  more  leukemia  than  Balb 
nurses.  The  various  combinations  of 
mother  and  nurse  strains  show  an  amaz- 
ing range  of  incidence,  which  considerably 
exceeds  that  attributable  to  genetic  differ- 
ences in  the  second  backcross  experiment. 
These  results,  in  mice  that  are  presumably 
all  alike  genetically,  fully  confirm  previous 
findings,  which  indicated  the  nongenetic 
transmission  of  both  maternal  and  nursing 
influences  that  in  themselves  appear  to  be 
under  genetic  control. 


ENDOCRINE  STUDIES 

O.  Riddle,  W.  F.  Hollander,  M.  R.  McDonald,  E.  L.  Lahr,  G.  C.  Smith,  and  V.  M.  Rauch 


Much  of  the  effort  of  this  group  during 
the  year  has  been  concentrated  upon  anal- 
ysis and  summarization  of  data  obtained 
in  three  somewhat  related  long-term  in- 
vestigations. In  summarizing  the  results 
of  our  extended  study  on  heat  production 
in  races  and  hybrids  of  pigeons,  we  had, 
for  some  months,  the  able  assistance  of 
Professor  Hoyt  S.  Hopkins,  of  the  Depart- 
ment of  Physiology,  New  York  University. 
Miss  Rauch  resigned  early  in  the  year  to 
assume  duties  at  the  San  Mateo  Naval 
Hospital.  Since  October  Dr.  McDonald 
has  been  a  member  of  the  group,  and 
actively  associated  in  an  effort  to  clarify 
questions  involving  the  relation  of  estro- 
gens to  the  state  and  partition  of  calcium, 
phosphorus,  and  nitrogen  in  the  blood. 

The  investigation  of  "constitutional  fac- 
tors" conducted  by  Riddle  during  the  past 


twenty-three  years  has  involved  two  main 
procedures  and  techniques.  First,  the  es- 
tablishment by  selective  breeding  of  a 
series  of  "endocrine"  races  of  doves  and 
pigeons;  inbreeding  successive  generations 
of  these  races,  crossing  the  various  races, 
and  measuring  or  weighing  various  organs 
and  certain  functions  in  all  individuals 
whether  of  pure  race  or  hybrid.  Second, 
the  measurement  of  the  rate  of  heat  pro- 
duction in  these  races  and  hybrids;  sub- 
jecting all  available  individuals  of  each 
type  to  measurement  at  high,  medium,  and 
low  environmental  temperatures  at  all 
seasons  of  the  year.  Data  from  this  sixteen- 
year  study  have  been  analyzed,  except  for 
their  correlation  with  organ-weight  data 
which  still  await  analysis.  Though  the 
analysis  of  data  relating  to  breeding  and 
organ  weights  is  nearing  completion,  with 
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the  special  aid  of  Dr.  Hollander,  it  is  not  Several  manuscripts  dealing  with  earlier 

yet   possible   to  present   final  conclusions      studies  have  been  prepared  and  are  now 
concerning   this   study   of   "constitutional      in  press.  Terminal  data  for  studies  on  the 
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Fig.  2.  Showing  the  segregation  and  persistence  in  offspring  of  constitutional  factors  for  length  of 
intestines  in  ring  doves.  Median  intestinal  length  is  always  greater  in  females  than  in  males  of  the 
same  race,  although,  as  is  shown,  the  males  are  heavier.  The  races  (NA,  51,  72,  N2,  etc.)  were 
obtained  by  selective  breeding,  and  the  median  values  plotted  include  data  from  all  healthy  adults 
of   the   race   reared   during   a   subsequent  period  of  22  years. 


factors."    A   graph   which   visualizes   the  role  of  prolactin  in  maternal  behavior  are 

successful  segregation  of  unequal  length  noted  below.    Despite  the  emergency  pe- 

of  intestines  in  certain  races,  and  also  an  riod  and  effort  devoted  to  summarization, 

association  of  longer  intestines  with  the  our  current  research  has  yielded  the  data 

female  sex,  is  shown  in  figure  2.  described  in  the  following  pages. 
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Hormonal  Regulation  of  Blood  Calcium 
and  Phosphorus 

Pigeons  were  the  animals  used  in  the 
studies  which  first  showed  (a)  that  the 
calcium  of  the  blood  is  temporarily  doubled 
in  the  females  of  egg-laying  vertebrates 
when  their  eggs  ripen,  (b)  that,  coinci- 
dently  with  this  calcemia  and  ripening  of 
eggs,  the  bone  marrow  of  the  long  bones 
is  temporarily  replaced  by  solid,  endosteal 
bone,  and  (c)  that  the  injection  of  pure 
estrogenic  hormones  into  either  male  or 
female  birds  leads  to  both  calcemia  and 
endosteal  bone  formation.  This  labora- 
tory has  considered  it  a  duty  to  utilize 
its  earlier  experience  in  this  field,  to- 
gether with  parts  of  its  pigeon  colony,  to 
assist  in  the  solution  of  a  group  of  prob- 
lems which  arise  directly  from  the  estab- 
lishment of  the  above-mentioned  facts. 
These  problems  relate  primarily  to  the 
development  and  resorption  of  bone,  but 
they  are  approached  through  studies  on 
the  partition  and  hormonal  regulation  of 
calcium  and  phosphorus  in  the  blood,  and 
thus  on  the  share  of  the  parathyroids  and 
estrogens  in  these  processes.  The  skulls  of 
many  of  the  birds  which  supplied  data  for 
our  investigations  are  being  utilized  for 
studies  on  bones  of  the  middle  ear  by 
Dr.  E.  P.  Fowler  at  the  Research  Labora- 
tory of  the  American  Otological  Society, 
New  York  City. 

Ability  of  estrogens  to  increase  the 
"bound"  calcium  of  the  blood  and  to  form 
medullary  bone  in  the  absence  of  the  para- 
thyroids. A  partial  report  on  the  first  of 
these  two  items  was  made  by  Riddle, 
Rauch,  and  Smith  last  year.  It  was  then 
noted  that  in  tests  made  on  25  parathy- 
roidectomized  pigeons,  the  blood  calcium 
was  increased  by  estrogen  to  practically  the 
same  extent  as  in  normal  pigeons.  Those 
tests  have  now  been  extended  to  53  para- 
thyroidectomized  and  57  normal  animals. 


In  truly  comparable  tests,  treatment  with 
estrogen  increased  the  plasma  calcium  of 
38  normal  birds  by  16.3  mg.  per  cent  and 
that  of  48  operated  birds  by  16.1  mg.  per 
cent.  The  latter  value,  however,  is  subject 
to  a  reduction  of  2.0  mg.  per  cent,  since 
an  increase  of  this  amount  resulted  from 
the  use  of  dihydrotachysterol  to  maintain 
life  in  the  operated  animals. 

All  the  above-mentioned  birds  were  fur- 
ther utilized  in  a  test  of  the  ability  of 
estrogens  to  form  medullary  bone  in  the 
absence  of  the  parathyroid  glands.  Though 
other  investigators  have  shown  that  in  var- 
ious normal  birds  and  mammals  medul- 
lary bone  develops  following  somewhat 
prolonged  treatment  with  estrogen,  it  ap- 
parently has  been  taken  for  granted  that 
the  parathyroid  shares  in  one  way  or  an- 
other in  the  formation  of  this  type  of  bone. 
For  the  first  time  this  question  was  put  to 
the  test  by  the  present  study. 

Individual  birds  were  found  to  vary 
markedly  in  the  amount  of  medullary 
bone  formed  within  a  unit  of  time  under 
daily  injections  of  estrogenic  hormones. 
Suitable  and  adequate  tests  have  shown, 
however,  that  the  presence  or  absence  of 
the  parathyroid  glands  has  no  measurable 
effect  on  the  amount  of  medullary  bone 
formed  in  the  femurs  of  these  birds.  The 
data  which  establish  this  conclusion  cannot 
be  condensed  suitably  for  presentation 
here.  In  both  normal  and  operated  birds, 
the  rate  of  bone  formation  during  estrogen 
treatment  (0.25  to  0.5  mg.  daily)  in  these 
tests  seems  much  slower  than  the  rate  at 
which  ossification  normally  occurs  just  pre- 
ceding the  ripening  of  each  pair  of  eggs. 
The  rate  of  bone  formation,  however,  is 
related  directly  to  dosage.  The  daily  injec- 
tion of  0.5  mg.  estradiol  benzoate  for  4 
days  induced  even  the  lowest  grade  (grade 
1)  of  ossification  in  only  20  per  cent  of  41 
tests;  one-half  of  that  dosage  over  8  days 
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gave  only  grade  i  ossification  in  all  of  3 
tests.  A  minimum  of  15  days  under  high 
dosage  (0.5  mg.  daily)  was  required  to 
produce  in  all  birds  ossification  of  grades 
3  and  4. 

The  effects  of  diethylstilbestrol  on  blood 
calcium  and  bone  were  entirely  similar  to 
those  obtained  with  estradiol  benzoate. 
Two  years  ago  Bloom,  McLean,  and 
Bloom  reported  that  during  November 
and  December  endosteal  bone  was  not  pro- 
duced in  male  pigeons  by  estrogen  dosage 
alone;  at  that  season  it  was  considered 
necessary  to  inject  an  androgen  in  addi- 
tion. The  larger  dosage  of  estrogen  used 
by  us  produced  endosteal  bone  in  both 
young  and  adult  males  at  all  seasons. 
When  the  androgen,  androstenedione,  was 
administered  by  us  in  large  doses  (3.0  mg. 
daily)  over  15  days,  it  left  the  blood  cal- 
cium unchanged;  it  showed  no  trace  of 
effect  on  bone  in  2  cases,  and  a  minimum 
(grade  1)  effect  in  2  cases.  This  produc- 
tion of  a  minimum  effect  in  some  animals 
was  probably  due  to  the  estrogenic  potency 
of  45  mg.  of  this  particular  androgen. 

Other  conditions  attending  the  ability 
of  estrogen  to  act  on  blood  and  bone  have 
been  partly  examined  in  immature  males 
and  females  and  in  mature  male  pigeons. 
Removal  of  the  anterior  pituitary  gland 
alone  did  not  reduce  or  otherwise  modify 
these  actions  in  tests  made  on  a  group  of 
6  birds.  Both  pituitary  and  parathyroids 
were  removed  from  9  birds,  but  in  such 
birds  life  could  not  be  maintained  suffi- 
ciently long  for  adequate  tests  of  the  ability 
of  estrogens  to  form  bone.  During  recent 
months  pigeons  have  been  maintained 
after  simple  parathyroidectomy  without 
feeding  extra  calcium  and  without  ad- 
ministration of  dihydrotachysterol  ( AT10) . 
This  was  done  by  daily  administration, 
by  mouth,  of  1  gram  of  aluminum  hy- 
droxide (gelatinous).  The  absorption  of 
phosphorus  from  the  alimentary  tract  is 


thus  greatly  reduced,  and  the  parathyroid- 
ectomized  birds  remain  in  excellent  con- 
dition. This  result,  like  some  earlier  re- 
sults obtained  by  other  workers  on  mam- 
mals and  man,  suggests  that  parathyroid 
function  relates  more  directly  to  the  me- 
tabolism of  phosphorus  than  to  that  of 
calcium. 

The  same  operated  and  normal  birds 
which  were  used  in  the  studies  described 
above  were  further  utilized  by  Riddle  and 
McDonald  for  a  special  study  of  the  ultra- 
filtrable  (ionized)  calcium  and  the  inor- 
ganic phosphorus  of  the  blood.  Neither  of 
these  fractions  seems  to  have  been  meas- 
ured hitherto  in  parathyroidectomized 
birds.  And,  though  ultrafiltrable  calcium 
has  been  shown  to  change  very  little  in 
birds  which  increase  their  total  blood  cal- 
cium in  the  normal  manner — i.e.,  at  egg 
laying — we  have  no  information  concern- 
ing the  behavior  of  this  form  of  calcium 
when  the  total  calcium  is  increased  by  the 
injection  of  a  pure  estrogen.  The  question 
involved  is  important  to  decisions  relating 
to  the  precise  role  of  hormones  in  the  regu- 
lation of  blood  calcium,  since  it  has  not  yet 
been  proved  that  estrogen  alone  is  involved 
in  the  calcemia  which  occurs  at  egg  laying. 
Results  of  this  study  show  that  estrogen 
treatments  over  periods  of  3  to  15  days 
either  leave  the  ultrafiltrable  calcium  un- 
changed or  increase  it  by  less  than  1.0  mg. 
per  cent  in  normal,  parathyroidectomized, 
and  hypophysectomized  pigeons.  In  these 
same  tests  the  "bound"  calcium  was  fre- 
quently increased  by  18.0  to  45.0  mg.  per 
cent.  Some  birds  deprived  of  their  para- 
thyroids died  in  tetany,  with  ultrafiltrable 
calcium  much  reduced,  despite  estrogen 
treatment  and  increased  total  calcium. 
These  data  apparently  prove  that  estrogen 
has  little  or  no  ability  to  increase  the  ultra- 
filtrable calcium  of  the  blood  in  normal 
pigeons,  and  that  it  cannot  maintain  this 
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fraction  of  the  blood  calcium  at  a  normal  which  received  injections,  or  "pellet  im- 

level  in  parathyroidectomized  pigeons.  plants,"  of  estradiol  benzoate  showed  little 

The    behavior    of   the    inorganic    phos-  hemodilution    (largely   limited   to   4-hour 

phorus  of  the  blood  was  also  determined  and  24-hour  samples),  a  slight  decrease  of 

in  this  valuable  series  of  parathyroidectom-  plasma  calcium,  no  change  in   inorganic 

ized   and   estrogen-treated   pigeons.    This  phosphorus,  and  a  very  marked  decrease 

operation,  as  earlier  observed  in   various  of  organic  phosphorus, 

mammals,     increased     plasma     inorganic  The  average  decrease  of  organic  phos- 

phosphorus,  in  a  total  of  15  tests  in  young  phorus  in  15  rabbits  treated  with  estrogen 

birds,  from  5.04  to  7.33  mg.  per  cent,  and  for  7  days  was  28  per  cent  of  the  normal 

in  a  total  of  11  tests  on  adult  birds  from  value;  and  the  decrease  was  greatest  (33 

2.99  to  7.56  mg.  per  cent.  Many  tests  dem-  per  cent)    in  rabbits  given  heaviest   (3.0 

onstrated  that  injections  of  estrogen,  but  mg.)    dosage.    Anterior   pituitary   extract 

not  of  androgen,  also  invariably  increase  produced  no  change  (less  than  2  per  cent) 

the  plasma  inorganic  phosphorus  in  groups  at  7  days  in  4  rabbits,  though  a  drop  of 

of  young  and  adult  pigeons,  both  normal  28  per  cent  was  observed  in  the  4-hour 

and  parathyroidectomized.  samples.  "Control"  substances  (muscle  ex- 

Effects  of  estrogens  on  blood  calcium  tract,  sesame  oil,  propylene  glycol)  injected 
and  phosphorus  in  rabbits.  Groups  of  rab-  into  11  rabbits  were  associated  with  a 
bits  were  injected  either  with  estrone,  estra-  decrease  of  organic  phosphorus  of  17  per 
diol  benzoate,  or  whole  anterior  pituitary  cent  in  4-hour  samples,  but  of  only  3  per 
extract,  or  with  the  control  substances,  cent  in  7-day  samples.  It  is  evident,  there- 
sesame  oil,  propylene  glycol,  and  muscle  fore,  that  prolonged  estrogen  treatment 
extract.  Six  rabbits  were  implanted  with  of  rabbits  which  are  frequently  bled  does 
2  pellets  each  of  estradiol  benzoate.  Sam-  not  yield  results  on  total  calcium  and  in- 
ples  of  4  cc.  of  blood  were  drawn  just  be-  organic  phosphorus  that  are  in  any  way 
fore  injection,  at  4  and  24  hours  later,  and  comparable  with  those  obtained  in  pigeons; 
also  after  3  and  7  days.  On  150  samples,  moreover,  in  rabbits  this  treatment  resulted 
determinations  were  made  of  total  plasma  in  a  marked  reduction  of  the  organic  phos- 
calcium,  inorganic  and  organic  phos-  phorus  of  the  blood  both  with  (4  tests) 
phorus,  and  protein  nitrogen.  and  without   (11   tests)    detectable  reduc- 

In  these  tests  changes  in  protein  nitrogen  tion  of  plasma  inorganic  phosphorus, 
provided  an  index  of  dilution  of  the  blood  There  is  a  possibility  that  estrogen  treat- 
due  either  to  sampling  or  to  the  voluntary  ment  in  these  rabbits  (4  to  6  months  old) 
fasting  which  often  accompanies  the  injec-  led  to  rapid  depletion  of  the  blood  calcium 
tion  of  some  of  these  substances  into  rab-  and  phosphorus  through  the  formation  of 
bits.  Hemodilution  was  evident  in  most  of  endosteal  or  other  bone.  This  point  was 
the  4-hour  samples,  and  in  all  samples  ob-  not  covered  by  our  tests, 
tained  from  rabbits  injected  with  3.0  mg.  The  partition  of  calcium,  phosphorus, 
estrone  or  50  mg.  whole  anterior  pituitary  and  nitrogen  in  the  blood  plasma  of  the 
extract.  Not  only  did  these  two  last-named  pigeon.  This  laboratory  previously  showed 
substances  fail  to  increase  the  plasma  cal-  that  the  plasma  calcium  of  female  pigeons 
cium  and  inorganic  phosphorus,  as  they  is  more  than  doubled  at  or  near  the  time 
do  in  pigeons,  but  the  observed  decrease  eggs  are  ovulated,  and  also  that  estrogens 
was  greater  than  can  be  accounted  for  by  will  cause  similar  or  even  greater  increases 
the  observed  hemodilution.  The  11  rabbits  of  the  plasma  calcium  in  mature  or  im- 
i3 
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mature  birds  of  either  sex.  In  these  cases 
the  increase  in  plasma  calcium  is  mainly 
in  the  nonultrafiltrable  fraction,  and  the 
substance  or  substances  with  which  the 
"bound"  calcium  is  united  is  not  definitely 
known.  Exact  knowledge  on  this  point  is 
highly  desirable;  and  McDonald  and 
Riddle  have  made  progress  in  an  investiga- 
tion of  this  problem.  The  bond  between 
the  calcium  and  the  unknown  binder  or 
binders  was  found  to  be  very  unstable, 
being  broken  by  such  mild  treatment  as 
dilution  of  the  plasma  with  water.  Early 
attempts  to  isolate  the  "bound"  calcium 
compound  or  compounds  by  the  chemical 
methods  available  were  therefore  soon  dis- 


eggs  ripen  in  the  ovary,  and  since  it  has 
been  rather  generally  accepted  that  most 
of  the  nonultrafiltrable  calcium  fraction  of 
normal  mammalian  plasma  is  bound  to  the 
plasma  proteins.  The  changes  in  these  var- 
ious compounds  have  been  studied  (a) 
in  females  during  the  normal  reproductive 
cycle  and  (b)  under  the  influence  of  estro- 
gens (in  normal,  hypophysectomized,  and 
parathyroidectomized  pigeons  of  both 
sexes,  old  and  young),  with  the  expecta- 
tion that  some  outstanding  correlations 
would  be  found.  The  study  has  not  been 
completed,  but  the  results  obtained  to  date 
are  informative. 
The  table  summarizes  measurements  of 


The  partition  of  calcium,  phosphorus,  and  nitrogen  in  the  blood  plasma  of  female  pigeons 
with  resting  ovaries  and  at  36  hours  before  ovulation 

(Averages  of  5  to  10  determinations) 


Plasma  substance 


Reproductive 

rest 

(mg.  per  ml. 

plasma) 


36  hours  before 

ovulation 

(mg.  per  ml. 

plasma) 


Calcium: 

Total 

Ultrafiltrable 

Nonultrafiltrable 

Colloidal 

Nonultrafiltrable-noncolloidal 
Phosphorus: 

Total 

Lipid    

Protein 

Acid-soluble  organic 

Inorganic 

Ultrafiltrable  inorganic 

Nonultrafiltrable  inorganic.  . 
Nitrogen: 

Nonprotein-nonlipid    

Protein 


0.106 
0.066 
0.040 
0.014 
0.026 

0.282 
0.234 
0.009 
0.005 
0.030 
0.023 
0.007 

0.25 
4.70 


0.278 
0.061 
0.217 
0.082 
0.135 

0.676 
0.428 
0.169 
0.005 
0.066 
0.024 
0.042 

0.26 
6.05 


continued.  The  problem  was  then  attacked 
by  examining  simultaneously  the  various 
calcium,  phosphorus,  and  nitrogen  com- 
ponents of  the  plasma.  This  procedure 
seemed  logical,  since  it  was  known  that 
some  of  the  plasma  phosphorus  com- 
pounds also  increase  at  or  near  the  time 


the  extent  of  change  in  the  above-named 
plasma  components  when  "resting"  ovaries 
become  active  and  are  within  36  hours  of 
the  release  of  an  ovum.  These  two  points 
in  the  reproductive  cycle  are  here  arbi- 
trarily selected  for  presentation,  since  it  is 
found  that  they  represent  the  periods  of 
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minimum  and  maximum  concentration, 
respectively,  of  plasma  calcium.  It  is  espe- 
cially noteworthy  that  the  changes  ob- 
served in  the  table  have  been  reproduced, 
in  birds  of  all  ages,  sexes,  and  operated 
types,  by  4  to  15  daily  injections  of 
estrogen. 

Apparently  no  significant  change  occurs 
in  the  ultrafiltrable  calcium,  ultrafiltrable 
phosphorus,  acid-soluble  organic  phos- 
phorus, and  nonprotein-nonlipid  nitrogen 
either  during  normal  reproductive  activity 
or  following  treatment  with  estrogen. 

Both  nonultrafiltrable  calcium  and  non- 
ultrafiltrable inorganic  phosphorus  in- 
crease greatly  at  ovulation.  When  these 
components  are  plotted  against  each  other, 
for  females  in  all  phases  of  reproduction 
and  also  for  all  ages,  sexes,  and  operated 
types  following  estrogen  injection,  there 
appears  to  be  a  direct  relation  between  the 
rise  in  nonultrafiltrable  calcium  and  that 
in  nonultrafiltrable  inorganic  phosphorus. 
Earlier  workers  have  suggested,  on  the 
basis  of  data  obtained  from  the  plasma  of 
laying  hens  and  from  mammals  with  ex- 
perimental hypercalcemia,  that  the  nonul- 
trafiltrable inorganic  phosphorus  is  in  the 
form  of  "colloidal"  calcium  phosphate. 
This  view  is  supported  by  a  correlation 
coefficient  of  0.960  ±  0.014  obtained  for  32 
estrogen-treated  birds,  both  normal  and 
operated. 

At  present  there  is  no  direct  method  for 
determining  the  composition  of  the  col- 
loidal calcium  phosphate.  Indirect  meth- 
ods in  other  laboratories  have  yielded  the 
formula  Ca^PO^s.  On  the  assumption 
that  this  is  correct,  values  for  colloidal 
calcium  have  been  calculated  which  show 
that  about  one-third  of  the  nonultrafil- 
trable calcium  is  in  this  form.  Subtraction 
of  the  colloidal  calcium  from  the  total  non- 
ultrafiltrable calcium  gave  values  for  that 
portion  of  the  "bound"  calcium  still  un- 
accounted for. 


The  slight  increase  found  in  the  total 
plasma  proteins  at  or  near  ovulation  (and 
following  injections  with  estrogen),  in 
comparison  with  the  large  increase  in 
nonultrafiltrable-noncolloidal  calcium  ob- 
served in  those  plasmas,  makes  it  improb- 
able that  the  calcium  is  bound  indiscrimi- 
nately by  all  the  plasma  proteins.  It  seems 
more  probable  that  the  particular  phos- 
phoprotein,  serum  vitellin  (which  in- 
creases so  markedly  simultaneously  with 
the  increase  in  the  nonultrafiltrable-non- 
colloidal calcium),  has  a  much  greater 
calcium-binding  capacity  than  the  usual 
plasma  proteins.  This  view  is  supported 
by  the  data  of  figure  3,  in  which  the  serum 
vitellin,  as  measured  by  protein  P,  is  plot- 
ted against  the  nonultrafiltrable-noncol- 
loidal calcium.  Data  for  every  bird  studied 
to  date  are  included  in  the  graph.  Very 
much  better  correlation  was  obtained  in 
this  plot  than  when  this  calcium  fraction 
was  plotted  against  the  total  plasma  pro- 
teins or  the  lipid  phosphorus. 

During  the  course  of  this  investigation  it 
was  noted  that  about  30  per  cent  of  the 
substances  ordinarily  considered  plasma 
proteins  had  the  unusual  property  of  being 
soluble  in  mixtures  of  75  parts  absolute 
alcohol  and  25  parts  absolute  ether  ad- 
justed with  trichloracetic  acid  to  pH  1-2; 
this  fraction  was  only  partially  soluble  be- 
tween pH  2  and  pH  7,  and  insoluble  in 
similar  mixtures  at  a  pH  more  alkaline 
than  7.  The  proteins  of  both  (heparin- 
ized)  rabbit  and  human  plasma  were 
found  to  behave  in  a  similar  fashion. 
Whether  this  is  a  peculiar  property  of  one 
or  many  of  the  plasma  proteins,  or  is  due 
to  their  combination  with  heparin,  remains 
to  be  determined. 

Estrogenic  Action  on  Oviducts 

In  Year  Book  No.  37  Riddle  and  Lahr 
reported    the    earliest    results    from    their 
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utilization  of  the  threadlike  oviducts  o£ 
young  ring  doves  (1.5  to  2.5  months  after 
hatching)  for  the  simultaneous  study  of 
three  questions :  (a)  the  relative  estrogenic 
potencies  of  some  of  the  more  common 
steroid    hormones,    including    androgens; 


dicated  by  two  or  three  items  taken  from 
the  results.  Control  oviducts,  134  in  num- 
ber, weighed  19.4  ±  0.7  mg.  Seven  daily 
doses  of  0.001  mg.  of  diethylstilbestrol  pro- 
duced oviducts  weighing  175  mg.;  and  a 
total  dose  of  0.07  mg.  over  a  period  of  7 
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Fig.  3.  Plot  of  the  nonultrafiltrable-noncolloidal  calcium  against  the  serum  vitellin  of  the  blood 
plasma  of  pigeons  at  various  estrogen  levels,  showing  that  there  is  a  direct  correlation  between  these 
two  components  of  the  plasma. 


(b)  the  effect  on  the  growth  response  of 
the  oviduct  of  varying  the  volume  of  fluid 
injected;  (c)  the  synergistic  or  antagonistic 
effect  of  simultaneously  injected  estrone 
and  progesterone  on  growth  of  the  ovi- 
duct. 

The  sensitivity  of  the  undeveloped  ovi- 
duct to  estrogenic  stimulation  may  be  in- 


days  produced  oviducts  weighing  822  mg. 
Results  obtained  from  the  treatment  of 
255  immature  female  doves  with  steroids 
at  various  levels  of  dosage,  and  with  vol- 
ume of  fluid  varying  from  0.1  to  0.3  cc, 
have  been  summarized  as  follows:  (1) 
The  concentration  of  estrogens  in  mini- 
mum quantities  of  sesame  oil  decreased 


DEPARTMENT  OF  GENETICS 


I49 


the  effectiveness  of  these  hormones.  (2) 
The  relative  estrogenic  potency  of  the  sev- 
eral steroids  tested  is  shown  in  the  accom- 
panying table.    (3)  The  injection  of  pro- 


effort  to  obtain  evidence  on  the  question  of 
whether  or  not  the  effective  steroid  hor- 
mones produce  their  effects  by  causing  pro- 
lactin to  be  released  from  the  animal's  own 


Approximate  relative  potency  of  various  steroids   in  stimulating  increase  of  weight  in  the 

oviducts  of  immature  ring  doves 

(Diethylstilbestrol  is  given  an  arbitrary  value  of  10,000) 


Substance 

Relative 
potency 

Substance 

Relative 
potency 

Diethylstilbestrol 

10,000 

3,500 

800 

1,000  + 

600  + 

10 

10 

Dehydroandrosterone 

2 

Estradiol  benzoate 

Testosterone 

2 

Estradiol 

Androsterone 

2 

Estrone  +  progesterone 

Desoxycorticosterone  acetate 

Pregneneolone 

Cholestenone 

Estrone 

(2?) 

Progesterone 

0.6 

Androstenediol 

0.0 

gesterone  enhanced  the  growth-promoting 
effect  of  estrone  on  the  dove  oviduct  by 
60  to  70  per  cent.  (4)  None  of  the  steroids 
used  showed  any  ability  to  promote 
growth  in  ovaries  of  treated  birds.  The 
estrogens  gave  evidence  of  ability  to  retard 
or  suppress  growth  in  the  ovaries. 

Maternal  Behavior 

The  last  of  a  series  of  studies  by  Riddle 
and  associates  on  the  share  of  hormones  in 
the  regulation  of  broodiness  and  maternal 
behavior  in  fowls,  rats,  and  doves  has  been 
completed;  the  results  have  been  analyzed 
and  are  in  process  of  publication.  In  ear- 
lier studies  of  the  series  it  was  shown  that : 
(a)  prolactin  induces  broodiness  in  laying 
fowls;  (b)  prolactin  and  certain  steroid 
hormones  are  capable  of  initiating  mater- 
nal behavior  in  rats  of  both  sexes;  (c)  an 
increased  rate  of  mitosis  in  the  crop-sac 
epithelium  (indicating  increased  release  of 
prolactin  from  the  pituitary)  occurs  in 
doves  and  pigeons  at  the  precise  time  that 
these  birds  become  "broody"  in  a  natural 
manner.  As  partly  reported  last  year,  Rid- 
dle and  Lahr  have  utilized  doves  in  an 


pituitary  gland.  The  results  have  been 
summarized  as  follows: 

Ring  doves  of  both  sexes  and  of  three 
age  levels  were  used  to  test  the  ability  of 
implanted  pellets  of  certain  steroid  hor- 
mones to  induce  broodiness  and  to  release 
prolactin  from  the  pituitaries  of  the  treated 
birds. 

Seventeen  untreated  pairs  of  mature  or 
adolescent  doves  served  as  controls;  these, 
together  with  5  pairs  treated  with  pellets 
of  estrone  (total  of  44  birds),  did  not  be- 
come broody  nor  did  their  crop  sacs  in- 
crease in  size. 

Paired  adult  and  adolescent  birds  of 
either  sex  treated  with  progesterone  or 
desoxycorticosterone  acetate,  and  similar 
females  treated  with  testosterone  propio- 
nate, became  broody  in  43  of  62  tests. 
Twenty-one  of  these  broody  birds  were 
killed  while  broody,  or  while  feeding 
young,  and  proof  of  enlargement  of  their 
crop  sacs  was  obtained  by  weighing  these 
organs;  29  of  these  responding  birds  fed 
or  reared  young,  thus  proving  both  the 
functional  state  of  their  crop  sacs  and  the 
antecedent  release  of  prolactin  under  the 
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stimulus  of  the  effective  steroids.  These 
steroids  were  nearly  or  quite  ineffective  in 
young  doves  and  in  isolated  (unpaired) 
mature  doves. 

Those  steroid  hormones  which  were 
earlier  observed  by  Riddle,  Lahr,  and  Bates 
to  promote  maternal  behavior  in  rats  were 
here  shown  to  be  effective  in  inducing 
broodiness  in  doves.  This  effect  in  doves 
was  produced  by  steroids  which  caused  a 
concurrent  release  of  prolactin  from  the 
dove's  own  pituitary,  but  not  by  steroids 
which  failed  to  do  so.  These  results  pro- 
vide further  evidence  of  a  direct  and  specif- 
ic role  of  prolactin  in  the  development  of 
an  instinct — broodiness  and  parental  care. 

Heat  Production  after  Fasting  and 
Hypophysectomy 

In  an  earlier  report  we  recorded  the  fact 
that  measurements  made  by  Smith  and 
Riddle  apparently  indicate  that  removal  of 
the  pituitary  gland,  plus  fasting,  reduces 
the  basal  metabolism  of  pigeons  less  than 
does  fasting  alone.  That  result  was  unex- 
pected, since  hypophysectomy  alone,  like 
fasting  alone,  was  earlier  shown  to  cause 
a  marked  reduction  of  the  basal  metabo- 
lism of  adult  pigeons.  The  study  has  now 
been  completed,  and  analysis  of  the  data 
leads  to  the  following  conclusions. 

Repeated  measurements  of  the  respira- 
tory exchange  were  made  under  basal  con- 
ditions, at  both  25 °  and  300  C,  on  43 
normal  and  37  hypophysectomized  young 
Carneau  pigeons  subjected  to  a  10-day  fast. 
Neither  prolonged  fasting  nor  hypophy- 
sectomy caused  any  apparent  shift  of  the 
zone  of  thermal  neutrality. 

Fasting  was  accompanied  by  a  moderate 
acetonemia,  by  a  slight  reduction  of  both 
liver  and  muscle  glycogen  below  the  24- 
hour  fasting  level,  by  little  or  no  change  in 
the  total  store  of  liver  fat,  and  probably  by 


no  decrease  in  total  reducing  substances  in 
the  blood. 

Respiratory  quotients  of  0.63  to  0.68  were 
frequently  obtained  from  both  types  of 
birds  that  had  fasted  for  48  or  more  hours; 
a  few  quotients  of  0.74  to  0.79  were  ob- 
tained to  the  end  of  the  fast.  The  many 
low  quotients  obtained  in  these  tests  on 
pigeons,  together  with  available  informa- 
tion from  earlier  studies  on  fowls,  support 
the  view  that  birds  tend  to  produce  quo- 
tients lower  than  0.69  from  combustion  of 
their  own  protein. 

The  caloric  value  of  oxygen  utilized  in 
the  burning  of  protein  by  birds  has  not 
been  determined  with  acceptable  accuracy. 
On  the  assumption  that  the  oxygen  used 
had  a  value  of  4.686  calories  per  liter, 
irrespective  of  the  respiratory  quotients  ob- 
tained, the  heat  production  of  39  normal 
pigeons  was  reduced  from  a  24-hour  fast- 
ing value  of  4.33  to  3.10  calories  per  kilo 
per  hour;  this  is  a  reduction  of  28.6  per 
cent  of  the  basal  value  by  9  additional  days 
of  fasting.  Hypophysectomized  fasting 
pigeons  showed  a  comparable  decrease  of 
only  22.3  per  cent. 

Breeding  Procedures 

Propagation  and  breeding  tests  with 
some  of  the  more  interesting  races  and 
types  of  pigeons  and  doves  are  being  con- 
tinued by  Hollander  and  Riddle.  It  was 
noted  last  year  that  the  "ataxia"  character 
is  being  recombined  and  preserved  in  a 
more  vigorous  stock  by  crossing  with 
White  Carneau.  An  apparent  or  probable 
case  of  linkage  has  appeared  in  connection 
with  this  cross  of  the  ataxic  and  Carneau 
breeds.  The  backcross  segregations,  from 
female  hybrids,  have  given  21  non-cross- 
overs and  9  crossovers  between  ataxia  and 
"grizzle,"  the  latter  being  a  dominant  color 
factor  from  the  White  Carneau.  F2  data 
are  consistent  also  in  showing  a  tendency 
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to  linkage.  Ataxia  shows  simple  recessive  fected  by  the  bird's  state  of  health.  Even 
inheritance,  and  it  has  now  been  observed  slight  illness  exaggerates  the  manifestation 
that  variability  of  the  trait  is  notably  af-      of  ataxia. 

ANTHROPOLOGY  AND  HUMAN  GENETICS 

Morris    Steggerda   and   Hilda   H.   Wheeler 


Anthropometry 

So  far,  very  few  scientific  studies  have 
been  made  on  the  anthropometry  of  the 
Navajo  Indians.  In  1932  Dr.  Steggerda 
began  an  anthropometrical  study  of  the 
Navajos  living  on  the  reservations  of  Ari- 
zona and  New  Mexico.  He  has  now  com- 
pleted the  field  work  for  this  study. 

The  average  age  of  the  150  adult  males 
investigated  was  approximately  24.5  years, 
and  that  of  the  100  females  22  years.  The 
principal  measurements  were  tabulated 
and  discussed  in  Year  Book  No.  42  (1942- 
1943).  In  addition,  span — a  measurement 
not  generally  taken  by  anthropometrists 
because  of  the  probability  of  errors  arising 
from  lack  of  uniformity  in  the  technique 
used — was  recorded  by  the  author  and 
found  to  be  very  constant.  The  means 
found  for  this  dimension  are  174.56  cm. 
for  males,  and  160.32  cm.  for  females.  The 
relative  span  of  the  Navajos  averaged 
103.98  per  cent  for  males  and  102.85  for 
females. 

The  mean  head  length  of  the  Navajo 
may- be  considered  rather  short  when  com- 
pared with  that  of  whites  and  Negroes 
measured  by  the  author.  It  is  184  mm.  and 
177  mm.  for  males  and  females  respec- 
tively. Head  width  for  Navajos  averaged 
156.93  mm.  and  151.04  mm.  for  males  and 
females  respectively.  The  cephalic  index 
was  found  to  be  85  per  cent  for  both  males 
and  females.  The  Navajos  are  very  round- 
headed,  as  compared  with  American  In- 
dians as  a  whole.  These  broad-headed 
Indians  are  confined  more  or  less  to  a 
restricted  area  in  both  North  and  South 


America.  Indians  with  a  cephalic  index  of 
80-84  Per  cent  are  tne  general  rule;  they 
extend  over  all  of  North  America,  most 
of  Mexico,  and  a  large  part  of  South 
America.  Longer-headed  Indians  (76-80 
per  cent)  are  found  in  the  eastern  part  of 
North  America;  and  there  are  small 
groups  in  Mexico  and  in  the  south  central 
part  of  South  America. 

Rates  of  growth  at  various  stages  in  the 
development  of  Navajo  children  were 
studied  over  a  10-year  period.  Seventy-five 
females  and  100  males  were  investigated, 
and  their  growth  compared  with  that  of 
other  racial  groups.  From  the  comparisons 
made  it  appears  that  Navajo  Indian  babies 
are  smaller  at  birth  than  white  babies. 
Birth  weights  were  taken  by  registered 
nurses  in  two  excellent  mission  hospitals 
on  the  Navajo  reservation.  As  has  been 
previously  reported,  it  is  shown  conclu- 
sively that  the  weights  of  Navajo  boys  are 
considerably  less  for  any  given  height  and 
age  than  the  usual  weight  predictions  for 
whites.  This  is  true  also  for  girls  up  to 
13  years  of  age,  after  which  the  Navajo 
girls  become  heavier  than  white  girls.  It 
was  found  also  that  in  three  races — Na- 
vajo, white,  and  Negro — the  age  at  which 
the  curve  for  stature  for  females  crosses 
the  male  curve  is  practically  the  same. 

Data  indicating  that  both  the  height  and 
the  weight  of  the  Navajo  children  were 
greater  for  each  age  in  1941  than  in  1932- 
1934  were  presented  in  Year  Book  No.  41 
(1941-1942). 

This  study  on  the  anthropometry  of  the 
Navajos  also  includes  a  table  showing  the 
average   number   of  carious   and   missing 
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teeth  in  the  adult  series.  It  was  found  that 
of  the  150  adult  males,  65  individuals,  or 
45  per  cent,  had  all  teeth  in  perfect  condi- 
tion, as  compared  with  39  per  cent  of  the 
women.  These  percentages  are  very  much 
lower  than  those  found  for  the  general 
adult  white  population. 

Ethnology 

During  the  year  two  papers  were  pub- 
lished dealing  with  certain  aspects  of  Dr. 
Steggerda's  previous  work  in  Yucatan. 
The  first  of  these  describes  thirty  towns 
in  Yucatan,  showing  that  they  resemble 
each  other  in  pattern,  yet  differ  in  many 
respects.  The  region  of  Tizimin,  for  ex- 
ample, supports  a  heavy  growth  of  trees, 
and  lumber  is  the  most  important  product 
there.  In  this  region  of  high  trees,  the 
dominant  fauna  are  jaguars,  snakes,  and 
birds.  When  the  bush  is  cleared,  beans  are 
commonly  grown  in  this  area,  in  contrast 
with  the  more  arid  parts  of  northwestern 
Yucatan,  where  henequen  is  the  principal 
crop.  In  regions  where  clay  is  to  be  found, 
such  as  Uayma  and  Ticul,  pottery  making 
is  the  chief  means  of  support.  Towns 
along  the  railroads  are  supported  largely 
by  industries  connected  with  the  railroad, 
such  as  cutting  wood  for  the  wood-burn- 
ing trains  and  wooden  ties  for  the  tracks. 
Many  of  the  towns  described — for  exam- 
ple, Merida,  Valladolid,  Motul,  and  Izamal 
— are  built  on  the  ruins  of  ancient  Maya 
cities. 

The  second  study  was  made  to  deter- 
mine whether  the  modern  uses  of  plants 
in  Yucatan  are  the  same  as  those  of  the 
seventeenth  and  eighteenth  centuries.  The 
results  are  reported  in  Year  Book  No.  37 
(1937-1938).  Several  samples  of  plants 
used  for  medicinal  purposes  were  chemi- 
cally assayed  to  determine  their  possible 
scientific  value.  Acromia  mexicana  (called 
tu\  in  Maya)  and  Tacoma  starts  L.  {x-\an~ 
lol)  are  said  by  the  Maya  to  be  beneficial 


in  the  treatment  of  diabetes.  Samples  from 
the  roots  and  central  stem  of  the  first  and 
the  roots  of  the  second  were  clinically 
assayed  and  found  to  be  inert.  Likewise, 
the  seeds  of  the  ramon  tree,  Brosimum 
Alicastrum  Sw.,  were  assayed.  They  are 
said  by  the  Maya  to  contain  a  milk-produc- 
ing agent  for  nonlactating  mothers,  but 
failed  to  produce  any  reaction  when  fed  to 
nonlactating  laboratory  animals. 

Sociological  Anthropology 

A  comprehensive  study  of  the  status  of 
the  teaching  of  physical  anthropology  in 
colleges  in  the  United  States  during  the 
school  year  1940-1941  was  completed  and 
published  this  year  in  cooperation  with 
Dr.  Earl  W.  Count,  of  the  Department  of 
Anatomy,  Flower  and  Fifth  Avenue  Hos- 
pitals, New  York  City.  This  investigation 
appeared  to  indicate  that  the  American 
people  are  very  much  interested  in  certain 
pragmatic  aspects  of  human  biology.  They 
are  not  interested,  certainly  not  vitally  so, 
in  the  comprehensive  study  of  animal  man. 
Until  there  is  more  demand  from  under- 
graduates for  such  study,  the  colleges  and 
universities  will  not  provide  it;  until  they 
provide  it,  there  will  not  be  any  great  num- 
ber of  students  engaging  in  it,  either  as 
undergraduates  or  as  graduate  pre-profes- 
sionals;  until  there  is  a  greater  number 
from  which  to  recruit  researchers,  human 
biology,  as  the  physical  anthropologist  un- 
derstands it,  will  continue  to  be  terra  quasi 
incognita;  and  the  less  is  known,  the  fewer 
will  be  the  undergraduates  to  whom  it 
will  occur  to  spend  time  studying  what  is 
known. 

Fifty-one  of  the  114  colleges  answering 
the  questionnaire  offered  physical  anthro- 
pology as  part  of  their  curriculum;  26  of 
these  taught  physical  anthropology  as  a 
separate  course,  and  25  taught  the  subject 
as  part  of  another  course,  generally  cul- 
tural   anthropology.     Twenty    of   the    51 
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schools  had  separate  departments  of  "an- 
thropology." The  number  of  courses  in 
physical  anthropology  taught  in  each 
school,  and  the  approximate  number  of 
students  enrolled  in  these  courses,  are  tabu- 
lated. 

Obituaries 

Because  of  his  close  association  with  the 
late  Dr.  Charles  B.  Davenport,  Dr.  Steg- 


gerda  was  asked  to  prepare  two  obituaries, 
one  for  the  journal  of  the  American  As- 
sociation of  Physical  Anthropologists,  of 
which  Dr.  Davenport  was  president  at  the 
time  of  his  death,  and  one  for  Eugenical 
News.  Each  obituary  contains  a  survey  of 
Dr.  Davenport's  extensive  work  in  anthro- 
pology, human  heredity,  and  eugenics,  and 
includes  a  complete  bibliography  of  his 
writings  in  these  fields. 
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frequency  of  X-ray-induced  chromosomal 
breaks  by  use  of  ultraviolet  and  near  infra- 
red radiation.  (Abstract)  Rec.  Genet.  Soc. 
Amer.,  No.  13,  p.  24  (1944). 

See  Demerec,  M.;  Gay,  H. 


Lahr,  E.  L.    See  Riddle,  O. 

Laskin,  S.    See  Bryson,  V. 

McClintock,  B.  The  relation  of  homozygous 
deficiencies  to  mutations  and  allelic  series 
in  maize.  Genetics,  vol.  29,  pp.  478-502 
(1944). 

Miller,  R.  A.   See  Riddle,  O. 


Pavan,  C.    See  Dobzhansky,  Th. 

Rauch,  V.  M.    See  Riddle,  O. 

Riddle,  O.    Animal  hormones  affecting  growth 

and  the  several  effects  of  single  hormones. 

Torreya,  vol.  43,  pp.  96-97  (1943). 

Should  euthanasia  be  made  lawful.   Soc. 

Med.  Jurisprudence,  pp.  1-3  (1943). 

Charles    Benedict    Davenport.     Science, 

vol.  99,  pp.  441-442  (1944). 

Deficient  instruction  in  biology  in  high 

schools.  (Editorial)  Jour.  Amer.  Med.  Assoc, 
vol.  125,  pp.  356-357  (1944). 

Life  sciences   in  everyday  living.    Proc 

Inst.  Health  and  Human  Relations  (State 
College,  Penna.),  pp.   11-20    (1944). 

and  E.  L.  Lahr.    On  broodiness  of  ring 

doves  following  implants  of  certain  steroid 
hormones.  (Abstract)  Anat.  Rec,  vol.  89, 
pp.  7-8  (1944). 

and  V.  M.  Rauch.  Action  of  estrogen  on 

plasma  calcium  and  endosteal  bone  forma- 
tion in  parathyroidectomized  pigeons.  (Ab- 
stract) Program  of  27th  ann.  meeting  Soc. 
Study  Internal  Secretions  (1944). 

G.  C.   Smith,  and   R.  A.  Miller.    The 

effects  of  adrenalectomy  on  heat  production 
in  pigeons.  Amer.  Jour.  Physiol.,  vol.  141, 
pp.  151-157  (i944)- 

See  Schooley,  J.  P.;  Smith,  G.  C. 


Sansome,  E.  R.,  A.  Hollaender,  E.  Zimmer,  and 
M.  Demerec  Quantitative  effects  of  radia- 
tion on  mutation  production  in  Neurospora 
crassa.  (Abstract)  Rec.  Genet.  Soc.  Amer., 
No.  13,  p.  33  (1944)- 

See  Bryson,  V. 

Schooley,  J.  P.,  and  O.  Riddle.  Effect  of  light 
upon  time  of  oviposition  in  ring  doves. 
Physiol.  Zool.,  vol.   16,  pp.  187-193   (1944). 

Smith,  G.  C,  and  O.  Riddle.  The  effects  of 
fasting  on  heat  production  in  normal  and 
hypophysectomized  young  pigeons.  Amer. 
Jour.  Physiol.,  vol.  141,  pp.  303-311   (1944). 

See  Riddle,  O. 

Spassky,  B.   See  Dobzhansky,  Th. 

Steggerda,  M.    A  description  of  thirty  towns  in 

Yucatan,  Mexico.  Smithsonian  Inst.,  Bur. 
Amer.  Ethnol.,  Bull.  No.   136,  pp.  227-248 

(i943)- 

Some  ethnological  data  concerning  one 

hundred  Yucatan  plants.  Smithsonian  Inst., 
Bur.  Amer.  Ethnol.,  Bull.  No.  136,  pp.  189- 
226  (i943)- 

Animal   traps   and   snares   used   by   the 

Maya  Indians   of  Yucatan,  Mexico.    Amer. 
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Anthropologist,   n.  s.,  vol.  46,  pp.  269-272 
(1944). 
Steggerda,     M.      Obituary:      Charles     Benedict 
Davenport.    Amer.   Jour.  Phys.   Anthropol., 
n.  s.,  vol.  2,  pp.  167-185  (1944). 

Maya    hairdressing.     Amer.    Anthropol- 
ogist, n.  s.,  vol.  46,  pp.  420-421   (1944). 

and  W.  F.  Hollander.    Observations  on 

certain  shell  variations  of  hens'  eggs.    Poul- 
try Sci.,  vol.  23,  pp.  459-461   (1944). 

See  Count,  E.  W. 


Warmke,  H.  E.  Use  of  the  killifish,  Fundulus 
heteroclitus,  in  the  assay  of  marihuana. 
Jour.  Amer.  Pharmaceut.  Assoc,  Scientific 
Ed.,  vol.  33,  pp.  122-125  (i944)- 

Self-fertilization  in  the  Russian  dande- 
lion, Taraxacum  \o\-saghyz.  Amer.  Nat- 
uralist, vol.  78,  pp.  285-288  (1944). 

Studies  on  assay  and  inheritance  of  the 


marihuana    drug.     (Abstract)    Rec.    Genet. 

Soc.  Amer.,  No.  13,  pp.  40-41   (1944) 
Wright,  S.    See  Dobzhansky,  Th. 
Zimmer,  E.   See  Sansome,  E.  R. 
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Boston,  Massachusetts 
THORNE  M.  CARPENTER,  Director 

The  activities  of  the  Nutrition  Labora-  Carnegie  Institution  of  Washington,  with 

tory  during  the  year  have  consisted,  in  the  the   active   cooperation   of   Dr.   Elliott   P. 

main,  of  investigations   on   war   research  Joslin  and  Dr.  Howard  F.  Root,  of  the 

projects  that  are  carried  on  under  a  con-  New    England   Deaconess   Hospital,   was 

tract  of  the  Office  of  Scientific  Research  terminated   with  the   resignation  of  Miss 

and  Development  with  Harvard  Univer-  Jeannette  F.  Rayner,  on  June  30,  1943.  The 

sity.     These    studies    are    conducted    in  results  of  the  several  phases  of  this  investi- 


cooperation  with  the  Harvard  School  of 
Public  Health.  The  investigation  that  was 
started  on  January  1,  1943  is  still  in  prog- 


gation  are  being  prepared  for  publication. 

Dr.  J.  H.  Mueller,  of  the  Department  of 

Bacteriology  and  Immunology  of  the  Har- 


ress.  During  the  year  two  reports  of  parts  vard  Medical  School,  who  has  been  carry- 

of  the  research  have  been  completed  for  ing  on  a  war  project  in  two  rooms  of  the 

the  Office  of  Scientific  Research  and  De-  Nutrition  Laboratory  since  December  1942, 

velopment,  and  a  third  is  nearly  completed,  vacated  the  rooms  in  December  1943,  and 

Again  emphasis  can  be  laid  on  the  useful-  the  equipment  has  been  removed, 

ness  of  the  Nutrition  Laboratory's  equip-  A    study   of   physiological   and   clinical 

ment,  already  on  hand,  in  the  experimental  interest  has  been  made  on  the  breathing 

procedures  necessary   for   the   conduct  of  pattern  and  the  rate  of  air  flow  in  asth- 

the  observations,  and  on  the  scientific  value  matic   patients,   by   Dr.   Leslie   Silverman 

of  the  physiological  information  regarding  and  Mr.  Robert  C.  Lee  in  cooperation  with 

human  subjects  that  is  being  amassed  in  Dr.    Cecil   K.   Drinker,   of   the   Harvard 

these  wartime  researches.  School  of  Public  Health,  and  Dr.  Francis 

The  special  investigation  on  the  metab-  M.  Rackemann,  of  the  Massachusetts  Gen- 

olism  of  diabetes  mellitus,  which  has  been  eral  Hospital.    The  results  are  in  process 

carried  on  under  a  special  grant  from  the  of  publication. 


STAFF  NOTES 


Mrs.  Mary  F.  Schroader,  who  was  ap- 
pointed laboratory  technician  on  a  part- 
time  basis  on  March  11,  1943,  terminated 
her  services  with  the  Nutrition  Laboratory 
on  March  31,  1944. 

On  September  10,  1943,  and  again  on 
June  30,  1944,  Dr.  Carpenter  gave  his 
annual  lecture  on  basal  metabolism  to  stu- 
dents of  the  Harvard  Medical  School. 


Throughout  the  year  the  full  time  of 
Robert  C.  Lee,  George  Lee,  and  V.  Coro- 
patchinsky  and  about  half  the  time  of  Dr. 
Carpenter  have  been  devoted  to  war  re- 
search projects.  About  two  months  have 
been  spent  by  Miss  Elsie  A.  Wilson  in  the 
editing  and  final  copying  of  reports  to  the 
Office  of  Scientific  Research  and  Develop- 
ment. 


LITERARY  WORK 

The  following  articles  have  been  com-  "A  new  method  for  studying  breathing, 

pleted  for  publication  in  scientific  journals:      with   observations   upon   normal   and   ab- 
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normal  subjects,"  by  Leslie  Silverman, 
Robert  C.  Lee,  and  Cecil  K.  Drinker.  (Ac- 
cepted for  publication  in  the  Journal  of 
Clin  teal  In  vestigatio  n . ) 

"The  effects  of  glucose,  fructose,  and 
galactose  on  the  respiratory  exchange  of 
the  goat,"  by  Ernest  G.  Ritzman  and 
Thorne  M.  Carpenter.  (Accepted  for  pub- 
lication in  the  Journal  of  Nutrition.) 

"The  effects  of  sugars  on  the  respiratory 
exchange  of  cats,"  by  Thorne  M.  Carpen- 
ter. (Accepted  for  publication  in  the  Jour- 
nal of  Nutrition.) 

Articles  in  process  of  preparation  and 
nearing  completion  are: 

"Effects  of  oral  ingestion  of  glucose  and 


fructose  on  respiratory  quotient,  blood 
sugar,  and  pyruvate  and  lactate  levels  of 
the  blood  of  diabetics,"  by  Elmer  Stotz, 
Howard  F.  Root,  and  Thorne  M.  Carpen- 
ter. 

"Effect  of  the  level  of  the  basal  respira- 
tory quotient  on  the  respiratory  quotient 
after  ingestion  of  glucose  by  normal  men," 
by  Thorne  M.  Carpenter  and  Howard  F. 
Root. 

"Racial  metabolism  from  the  standpoint 
of  anthropology." 

Miss  Eisie  A.  Wilson  has  participated 
actively  and  efficiently  in  the  calculations 
and  the  editorial  preparation  of  these  manu- 
scripts and  of  the  publications  listed  below. 


PUBLICATIONS 


(i)  Partial  pressures  of  carbon  dioxide  and 
oxygen  in  expired  air  and  alveolar  air 
when  oxygen  is  breathed  at  different  at- 
mospheric pressures.  Thorne  M.  Carpen- 
ter and  Robert  C.  Lee.  Jour.  Aviation 
Med.,  vol.  14,  pp.  240-249  (1943). 

Six  normal  men  were  studied  at  rest  and  at 
work,  while  breathing  room  air  or  oxygen 
at  sea  level  and  while  breathing  oxygen  in  a 
low-pressure  chamber  at  different  atmos- 
pheric pressures  ranging  from  523  to  163  mm. 
(corresponding  to  altitudes  of  from  10,000 
to  37,000  feet).  The  subjects  were  sitting 
when  at  rest  and  rode  a  bicycle  ergometer 
during  work,  with  a  performance  of  about 
1300  foot-pounds  per  minute.  Under  resting 
conditions,  the  average  differences  in  the 
partial  pressures  of  carbon  dioxide  in  expired 
and  alveolar  airs  ranged  from  13.0  mm.  at 
sea  level  (breathing  air)  and  at  an  atmos- 
pheric pressure  of  350  mm.  (breathing  oxy- 
gen) to  10.5  mm.  at  an  atmospheric  pres- 
sure* of  163  mm.  The  average  differences 
in  the  partial  pressures  of  oxygen  in  expired 
and  alveolar  airs  ranged  from  22  mm.  at 
sea  level  (breathing  oxygen)  to  12  mm.  at 
an  atmospheric  pressure  of  163  mm.,  and 
the  differences  gradually  became  smaller  with 
lowering    atmospheric    pressures.     At    work, 


the  average  differences  in  the  carbon  dioxide 
pressures  varied  from  14.5  mm.  at  an  at- 
mospheric pressure  of  523  mm.  to  9.0  mm. 
at  230  mm.,  and  the  average  differences  in 
the  two  oxygen  pressures  ranged  from  32  mm. 
at  sea  level  (breathing  oxygen)  to  9  mm.  at 
163  mm.  The  sums  of  the  alveolar  partial 
pressures  of  carbon  dioxide,  oxygen,  and 
water  vapor  at  a  pressure  altitude  of  37,000 
feet  agree  well  with  the  sums  of  the  arterial 
partial  pressures  at  37,500  feet  noted  by  an- 
other investigator. 

(2)  Absorption  of  insulin  labeled  with  radio- 
active iodine  in  human  diabetes.  Howard 
F.  Root,  J.  W.  Irvine,  Jr.,  Robley  D.  Evans, 
L.  Reiner,  and  Thorne  M.  Carpenter. 
Jour.  Amer.  Med.  Assoc,  vol.  124,  pp.  84- 
90  (1944). 

Doses  of  25  units  of  radioactive  insulin-4- 
iodoazobenzene  (  Vi  to  l/2  unit  per  kilogram) 
were  given  subcutaneously  to  10  diabetic 
patients  and  5  normal  individuals.  The  rate 
of  absorption  of  the  insulin  was  measured 
with  a  gamma  ray  counter  immediately  after 
injection  and  20  minutes,  1  hour,  2,  4,  and 
8  hours  thereafter.  Supplementary  insulin 
was  given  to  the  diabetic  patients  throughout 
the  day,  as  needed,  and  100  ml.  of  orange 


NUTRITION  LABORATORY 


159 


juice  each  hour.  The  normal  controls  had 
no  food  during  the  tests.  Insulin  absorption 
took  place  at  an  almost  equal  rate  in  the 
normal  subjects  and  the  patients  with  un- 
complicated diabetes.  This  rate  was  rapid 
in  the  first  2  hours  but  became  progressively 
slower  in  the  next  4  to  6  hours.  A  pro- 
nounced delay  in  insulin  absorption  was 
caused  by  areas  of  induration  or  of  pad 
formation,  but  when  such  insulin  pads  had 
disappeared  because  insulin  was  no  longer 
injected  in  the  areas,  the  tissues  regained  the 
power  to  absorb  insulin  rapidly.  A  marked 
delay  in  absorption  was  also  noted  with 
insulin-resistant  patients,  but  during  recovery 
from  such  resistance  the  rate  of  absorption 
became  normal.  The  rate  of  absorption  was 
not  affected  by  the  initial  level  of  blood 
sugar.  The  delay  in  absorption  is  not  re- 
lated to  long  duration  of  diabetes,  but  to  the 
condition  of  the  tissues  at  the  site  of  in- 
jection, and  tends  to  be  corrected  by  con- 
tinued use  of  insulin  in  doses  large  enough  to 
control  glycosuria  and  hyperglycemia.  The 
amounts  of  radioactive  substance  found  in 
the  urine  excreted  during  the  24  hours 
following  the  injection  were,  in  general,  lower 
in  the  resistant  patients.  The  hypothesis  is 
advanced  that  in  cases  of  insulin  resistance, 
which  is  associated  with  marked  delay  in 
absorption  of  insulin,  the  metabolic  or  struc- 
tural changes  in  diabetic  tissues  take  place 
under  the  influence  of  some  factor  such  as 
a  disturbance  in  hormonal  and  enzymal 
relations. 

(3)  Human  respiratory  quotients  in  relation  to 
alveolar  carbon  dioxide  and  blood  lactic 
acid  after  ingestion  of  glucose,  fructose, 
or  galactose.  Harold  T.  Edwards,  Ed- 
ward H.  Bensley,  David  B.  Dill,  and 
Thorne  M.  Carpenter.  Jour.  Nutrition, 
vol.  27,  pp.  241-251   (1944). 

The  respiratory  quotients  (R.Q.),  blood 
lactic  acid,  and  alveolar  carbon  dioxide  of 
two  men  were  studied  before  and  for  4  hours 
after  ingestion  of  50,  75,  and  100  grams  of 
glucose,  fructose,  and  galactose.  The  alveolar 
carbon  dioxide  underwent  little  change  in 
the  glucose  and  the  fructose  experiments  as 
compared  with  the  no-dose  experiments,  but 


decreased  appreciably  in  the  galactose  experi- 
ments. The  blood  lactic  acid  increased  after 
ingestion  of  all  three  sugars,  the  increase  being 
greatest  and  lasting  longest  after  fructose 
ingestion.  The  R.Q.'s  were  corrected  for 
these  changes,  the  calculations  consisting  in 
correction  of  the  carbon  dioxide  elimination 
for  the  change  in  alveolar  carbon  dioxide 
and  for  the  theoretical  change  produced  in 
the  carbon  dioxide  content  of  the  blood  by  the 
rise  or  fall  of  the  lactic  acid  content  of  the 
blood.  The  greatest  corrections  of  this  na- 
ture were  those  for  the  fructose  experiments. 
The  resultant  net  changes  in  R.Q.  ascribable 
to  ingestion  of  the  sugars  (calculated  by 
comparison  of  the  corrected  quotients  after 
sugar  ingestion  with  the  basal  or  preinges- 
tion  levels)  were. much  the  same  after  in- 
gestion of  glucose  and  of  galactose.  After 
glucose  was  ingested,  the  maximum  net 
increase  took  place  within  90  to  135  minutes, 
and  there  was  no  return  to  the  preingestion 
level  in  4  hours.  The  greatest  net  increases, 
however,  occurred  after  fructose  ingestion. 
This  implies  that  there  is  a  more  rapid  com- 
bustion of  carbohydrates  after  ingestion  of 
fructose  than  after  that  of  glucose  or  of  galac- 
tose. Some  of  the  R.Q.'s  approached  or 
equaled  unity,  particularly  after  ingestion  of 
fructose  and  of  galactose.  These  high  R.Q.'s 
may  result  from  conversion  of  sugar  to  fat  as 
well  as  from  increased  combustion  of  carbohy- 
drate. The  order  of  possibility  in  respect  to 
conversion  to  fat  might  be  fructose,  galactose, 
and  glucose. 

(4)  The   effects  of   hexoses   on    the  respiratory 

quotients  of  cats.  Thorne  M.  Carpenter. 
Federation  Proc,  vol.  3,  p.  93  (1944). 

A  preliminary  communication  of  results  to 
be  published  in  full  subsequently. 

(5)  The   effects   of   hexoses   on   the   respiratory 

exchange  of  rhesus  mon\eys.  Thorne  M. 
Carpenter  and  Carl  F.  Hartman.  Amer. 
Jour.  Physiol.,  vol.  141,  pp.  249-254  (1944). 

The  respiratory  exchange  of  7  adult  female 
rhesus  monkeys  was  studied  for  4  hours 
after  administration  by  stomach  tube  of  14 
grams  of  glucose,  fructose,  or  galactose,  or  of 
105  ml.  of  water,  and  for  comparative  pur- 
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poses  under  postabsorptive  conditions.  The 
greatest  rises  in  respiratory  quotient  (R.Q.) 
occurred  after  administration  of  glucose,  the 
next  greatest  after  that  of  fructose,  and  the 
smallest  after  that  of  galactose.  The  propor- 
tion of  the  total  heat  production  supplied  by 
carbohydrates  was  greatest  after  glucose  was 
ingested.  The  proportions  were  somewhat 
smaller  after  ingestion  of  fructose  and  of 
galactose,  but  about  equal  to  each  other. 
With  man  the  order  in  this  respect  and 
also  in  respect  to  the  rise  in  R.Q.  is  fructose, 
galactose,  and  glucose.   With  5  of  the  7  mon- 


keys all  three  sugars  caused  increases  in  heat 
production  of  from  12  to  13  per  cent,  as  com- 
pared with  the  heat  production  in  no-dose 
and  water  experiments.  The  specific  dynamic 
action  of  the  sugars  (the  relation  between 
the  fuel  value  of  the  sugar  and  the  increase 
in  heat  production  above  the  base  line  dur- 
ing the  4  hours  of  measurement)  averaged 
1 1.3  per  cent  for  glucose,  9.5  per  cent  for 
fructose,  and  9.0  per  cent  for  galactose,  values 
somewhat  higher  than  those  reported  for  man 
after  ingestion  of  50  to  100  grams  of  these 
sugars. 
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SPECIAL  PROJECTS:    BIOLOGICAL  SCIENCES 

Paul  S.  Conger,  United  States  National  Museum,  Washington,  District  of  Columbia. 
Investigation  and  preparation  for  publication  of  results  of  studies  on  Diatomaceae. 
(For  previous  reports  see  Year  Books  Nos.  18  to  42.) 


The  diatom  work  for  the  year  consisted 
mainly  in  a  continuation  of  investigations 
already  in  progress,  including  bibliographic 
compilation  of  general  information  regard- 
ing diatoms,  ecological  studies  of  Chesa- 
peake Bay  diatoms,  and  a  study  of  the 
diatoms  collected  on  President  Roosevelt's 
expedition  in  Central  American  waters  a 
few  years  ago. 

During  two  months  of  the  summer  of 
1943,  investigations  were  carried  on  at  the 
Chesapeake  Biological  Laboratory,  in- 
cluding studies  on  the  liberation  of  marsh 
gas,  on  which  a  paper  was  completed.  One 
of  the  more  interesting  results  of  this  sum- 
mer's work  was  the  obtaining  of  a  still 
higher  proportion  of  nitrogen  than  had 
been  obtained  in  any  samples  of  the  pre- 
vious year.  Nearly  40  per  cent  of  one 
sample  was  composed  of  nitrogen,  and 
such  amounts  suggest  important  phases  of 
the  process  of  transfer  and  accumulation 
of  this  gas.  New  apparatus  designed  for 
more  efficient  collection  and  quantitative 
estimation  of  liberation  of  the  gases  was 
effectively  used. 

Several  samples  of  species  of  diatoms 
used  in  pigment  studies  at  the  laboratory 
of  the  Division  of  Plant  Biology  of  the 
Carnegie  Institution  were  identified.  Some 
examinations  were  made  of  organisms  giv- 
ing trouble  in  the  Washington  water 
supply,  and  other  routine  requests  for  in- 
formation were  given  attention.  Assistance 
was  afforded  the  armed  forces  in  several 
requests  for  information  and  examination 
of  materials. 

In  March  1944,  arrangements  were  com- 
pleted for  transfer  of  the  work  on  diatoms 
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from  the  Carnegie  Institution  to  the  Smith- 
sonian Institution,  in  which  latter  institu- 
tion the  work  had  actually  been  located  for 
many  years.  This  concluded  sponsorship 
by  the  Carnegie  Institution  of  work  on 
diatoms,  and  with  this  transfer  the  Car- 
negie Institution  presented  to  the  Smith- 
sonian Institution  all  diatom  collections 
and  equipment  which  had  been  used  in 
the  work.  Thereby  was  unified  and  estab- 
lished at  the  Smithsonian  Institution,  with 
the  presentation  to  it  of  the  "Albert  Mann 
Diatom  Collection,"  one  of  the  fine  diatom 
collections  of  this  country.  The  investiga- 
tions are  being  continued  there  essentially 
as  before,  and  hence  in  the  consummation 
of  this  arrangement  the  wishes  of  Dr. 
Albert  Mann  have  been  fulfilled  for  secur- 
ing the  permanent  establishment  of  the  col- 
lections and  investigations  started  by  him. 
That  this  field  of  work  was  advisedly  spon- 
sored by  the  Carnegie  Institution  from  its 
inception  in  1919  seems  indicated  by  the 
increasing  and  significant  demands  for  in- 
formation concerning  diatoms  from  stu- 
dents of  oceanography  and  aquatic  biology, 
and  from  industries  utilizing  diatomaceous 
earth  and  products.  The  benefits  of  the 
assured  continuation  of  this  work  can 
therefore  be  estimated  in  both  commercial 
and  scientific  values,  the  diatoms  being 
small  and  unobtrusive  organisms,  but 
widespread,  unique,  and  potent  in  effect. 
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Arthur  T.  Hertig  and  John  Rock,  Boston  Lying-in  Hospital,  Boston,  and  Free  Hos- 
pital for  Women,  Brookline,  Massachusetts.  Research  in  embryology,  embryological 

pathology,  and  reproductive  physiology.  (For  previous  reports  see  Year  Books  Nos. 
36  to  42.) 

These  studies  on  reproductive  physiology  in    length,    the    17th-   to    i8th-day    endo- 

and  pathology  have  had  continued  support  metrium  encountered  in  the  specimen  is  a 

of  the  Carnegie  Institution  of  Washing-  more  accurate  index  of  the  probable  age 

ton's  Department  of  Embryology.    As  in  of  this   specimen.    In   all  probability   the 

the  previous  five  years'  work,  the  William  ovum  was  not  over  4  days  of  age,  since  in 

F.   Milton   Fund   of   Harvard   University  the  classic  menstrual  cycle  ovulation  oc- 

has   helped   to   support   these   studies   by  curs  on  the  14th  and  menstruation  on  the 

virtue  of  a  grant  to  Dr.  Rock  for  work  on  28th  day  of  the  cycle.    Thus  the  human 

tubal    and    ovarian   ova.    Since    the    two  ovum,  at  least  in  this  one  instance,  reaches 

authors  collaborate  in  each  of  the  studies,  the  uterine  cavity  within  4  days.  This  is  at 

joint  credit  is  given  both  sources  of  finan-  the  beginning  of  the  period  when  active 

cial  support.  uterine  secretion  is  just  starting — a  fact  of 

Since  the  last  report,  one  free  and  .two  probable  significance  with  respect  to  nour- 

recently  implanted  human  ova  have  been  ishment  of  the  ovum  during  its  preimplan- 

discovered  in  uteri  removed  surgically  at  tation  phase. 

the  Free  Hospital  for  Women.  Of  this  The  ovum  in  question  when  seen  in  the 
particular  group  of  patients,  88  have  been  unfixed  state  was  refractile  in  appearance 
extensively  studied  during  the  past  6  years,  and  oval  in  outline,  and  measured  0.19  X 
and  17  fertilized  ova  have  been  recovered,  0.15  mm.  It  had  a  thick  zona  pellucida 
an  incidence  of  pregnancy  of  approxi-  which  surrounded  what  appeared  to  be  4 
mately  20  per  cent.  During  the  past  year  large  and  6  smaller  blastomeres.  The  speci- 
16  such  patients  have  been  studied  and  men  has  subsequently  been  serially  sec- 
from  them  were  recovered  the  3  ova  men-  tioned  by  Dr.  Chester  H.  Heuser  in  the 
tioned  above.  It  is  quite  probable  that  in  Carnegie  Institution  of  Washington's  De- 
subsequent  studies,  as  in  the  past  year,  partment  of  Embryology, 
fewer  fertilized  ova  will  be  found,  since  There  is  some  question  as  to  whether 
the  patients  are  operated  upon  during  the  this  ovum  is  perfectly  normal,  since  some 
phase  of  the  menstrual  cycle  when  the  of  the  blastomeres  have  more  than  one 
ovum  is  either  free  or  recently  attached  nucleus.  At  any  rate,  this  specimen  is  the 
to  the  endometrium.  These  little-under-  only  free  ovum  thus  far  found  in  the 
stood  stages  of  human  development,  be-  human  uterus,  so  that  further  specimens 
cause  of  technical  difficulties  inherent  in  must  be  discovered  to  determine  the  char- 
finding  them,  will  be  more  difficult  to  acteristics  of  the  normal  ovum  during  this 
procure,  even  though  an  ovum  may  be  in  phase  of  its  development, 
the  uterus  or  tubes  being  examined.  The  next  youngest  specimen  (Carnegie 

The  free  segmenting  ovum   (Carnegie  no.   8225)    discovered  this  past  year  is  a 

no.  8190)  was  discovered  in  Locke's  fluid,  72-day  blastocyst  recovered  in  a  bicornuate 

pipetted  out  of  the  endometrial  cavity  of  uterus  on  the  22d  day  of  the  menstrual 

a  uterus  removed  on  the  21st  day  of  the  cycle.   It  is  quite  similar  in  its  gross  and 

menstrual  cycle.    Since  the  patient's  pre-  microscopic   appearance   to   Carnegie   no. 

vious  cycles  had  varied  from  25  to  32  days  8020  (see  Year  Books  Nos.  41,  42).   Thus 
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the  finding  of  two  normal  72-day  human 
ova  whose  menstrual  and  coital  histories 
agree  makes  more  certain  than  would  just 
one  such  specimen  the  essential  features  of 
this  phase  of  human  development. 

The  oldest  specimen  (Carnegie  no.  8215) 
discovered  during  the  period  of  this  report 
is  approximately  9  days  and  is  intermediate 
in  development  between  the  8-day  speci- 
men (Carnegie  no.  8171)  reported  last  year 
(Year  Book  No.  42)  and  the  92-day  speci- 
men (Carnegie  no.  8004)  reported  two 
years  ago  (Year  Book  No.  41). 

The  9-day  specimen,  aside  from  filling  a 
gap  in  our  knowledge  of  this  phase  of 
development,  is  valuable  because  it  was  re- 
covered on  the  56th  day  of  the  menstrual 
cycle.  Ovulation  must  have  occurred  only 
9  days  previously,  or  on  the  47th  day  of 
the  cycle.  This  specimen  adds  evidence  as 
to  the  time  of  human  ovulation,  namely, 
the  14th  day  ±  2  days  preceding  the  next 
expected  menstrual  period.  In  the  ordi- 
nary cycle  of  28  days,  ovulation  therefore 
occurs  on  the  14th  day,  but  in  a  patient 
with  long  or  irregular  cycles  such  as  the 
one  in  question,  ovulation  may  occur  at 
any  time  with  respect  to  the  last  period. 
Thus  the  preovulatory  period  of  the  cycle 
may  be  variable,  but  the  postovulatory 
phase  is  relatively  fixed,  namely  14  ±  2 
days.  The  detailed  evidence  for  these  con- 
clusions has  been  published  in  the  past 
year. 

The  paper  on  the  development  of  the 
trophoblast  of  the  pre-villous  human  ovum 
has  been  completed  and  published  in  the 
past  year.  These  studies  utilized  the  ova 
discovered  during  the  years  1938-1942  (see 
Year  Books  Nos.  38-41). 

An  account  of  the  essential  features  of 
the  two  normal  ova  of  approximately  8 
days  of  age  (Carnegie  nos.  8155  and  8171) 
mentioned  in  Year  Book  No.  42  has  ap- 
peared in  abstract  form  in  the  Anatomical 
Record. 


A  detailed  description  of  the  72-day 
ovum  (Carnegie  no.  8020)  and  the  92-day 
ovum  (Carnegie  no.  8004),  first  recorded 
in  Year  Book  No.  41,  prepared  for  publi- 
cation during  the  past  year,  will  appear  in 
the  next  issue  of  the  Contributions  to  Em- 
bryology. In  the  same  volume  will  be  a 
paper  on  two  early  villous  ova  (Carnegie 
nos.  7801  and  7802),  first  mentioned  in 
Year  Books  Nos.  39  and  40.  These  two 
ova  have  been  extensively  studied  by  Dr. 
Chester  H.  Heuser  in  collaboration  with 
the  authors. 

During  the  past  two  years  the  studies 
on  the  pathogenesis  of  spontaneous  abor- 
tion have  been  completed,  using  a  series 
of  1000  abortuses.  The  clinico-pathologic 
correlation  in  cases  of  hydatidiform  mole 
has  been  brought  to  a  conclusion  with  the 
procurement  of  200  cases  of  this  condition. 
A  paper  embodying  these  findings  is  to 
be  read  in  June  1945  before  the  American 
Gynecological  Society. 

Dr.  Rock  has  succeeded  in  fertilizing  4 
ovarian  eggs  in  vitro.  Upon  subsequent 
cultivation,  cleavage  took  place.  In  2  of 
the  specimens  development  ceased  in  the 
two-cell  stage,  whereas  in  the  other  2, 
three  blastomeres  were  observed  before 
growth  ceased.  Details  of  these  experi- 
ments have  been  published  in  Science. 
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Symposium  on  problems  relating  to  law  and 
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Surg.,  vol.  117,  pp.  596-606  (1943). 


Rock,  John,  and  Arthur  T.  Hertig.  Informa- 
tion regarding  the  time  of  human  ovulation 
derived  from  a  study  of  3  unfertilized  and 
11  fertilized  ova.  Amer.  Jour.  Obstet.  and 
Gynecol.,  vol.  47,  pp.  343-356  (1944). 
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zation and  cleavage  of  human  ovarian  eggs. 
Science,  vol.  100,  pp.  105-106   (1944). 


T.  H.  Morgan  and  Alfred  H.  Sturtevant,  California  Institute  of  Technology,  Pasa- 
dena, California.  Maintenance  of  a  Drosophila  stoc\  center,  in  connection  with 
investigations  on  the  constitution  of  the  germinal  material  in  relation  to  heredity. 
(For  previous  reports  see  Year  Books  Nos.  15  to  42.) 


The  following  results  on  Drosophila 
melanogaster  are  reported  by  A.  H.  Sturte- 
vant. It  has  been  known  that  heterozygous 
inversions  decrease  crossing  over  in  their 
own  chromosome  arms,  and  that  there  is 
an  associated  increase  in  crossing  over  in 
other  arms.  There  is  one  method  of  meas- 
uring the  total  frequency  of  no-exchange 
tetrads  for  one  chromosome,  viz.,  through 
the  frequency  of  secondary  nondisjunction 
of  the  X  chromosomes  in  XXY  females, 
since  all  such  exceptions  are  complete 
non-crossovers,  and  since  there  is  reason 
to  suspect  that  most  no-exchange  tetrads 
do  give  rise  to  such  exceptions  in  the  pres- 
ence of  a  Y.  Accordingly,  a  systematic 
study  has  been  begun,  in  which  various 
types  of  XXY  females  have  been  made 
heterozygous  for  a  variety  of  autosomal 
inversions.  This  study  is  incomplete,  but 
it  is  already  clear  that  heterozygosis  for 
autosomal  inversions  does  decrease  the  fre- 
quency of  secondary  nondisjunction  of  X; 
it  seems  probable,  however,  that  the  de- 
crease is  a  function  of  the  particular  auto- 
somal region  involved,  as  well  as  of  the 
amount  of  autosomal  crossing  over  sup- 
pressed. This  result  is  in  agreement  with 
previous  studies  of  interchromosomal  ef- 
fects, that  have  been  carried  out  by  other 
techniques  and  have  been  recorded  in  pre- 
vious reports. 

An  unexpected  result  is  that  heterozy- 


gosis for  autosomal  inversions  increases 
the  amount  of  primary  nondisjunction  of 
the  X  chromosomes,  in  the  absence  of  a 
Y.  This  result  has  been  obtained  in  several 
different  kinds  of  experiments,  and  is  cer- 
tainly a  general  one.  Its  significance  is 
not  yet  understood,  but  it  is  clearly  the 
cause  of  the  often  noted  occurrence  of 
unusually  high  frequencies  of  primary  ex- 
ceptions. Since  the  exceptional  males  and 
females  occur  in  equal  numbers,  the  result 
is  due  to  true  nondisjunction,  and  not  to 
chromosome  elimination.  These  studies 
are  being  continued.  Experiments  are  also 
under  way  to  see  if  heterozygous  inver- 
sions in  other  chromosomes  induce  pri- 
mary nondisjunction  of  the  fourth  chro- 
mosome. The  results  here  are  negative  so 
far,  with  the  exception  that  inversions  in 
X  do  seem  to  increase  primary  nondis- 
junction when  one  of  the  fourth  chromo- 
somes carries  eyD.  This  chromosome  car- 
ries a  duplication  of  unknown  origin;  the 
present  result  suggests  that  the  duplication 
may  have  come  from  X. 

Drosophila  melanogaster  has  yielded 
fewer  genes  producing  diploid  intersexes 
than  have  some  other  species  of  the  genus. 
One  was  recorded  in  last  year's  report,  and 
a  similar  one  has  since  been  found.  A  re- 
cessive mutant  gene  in  the  left  limb  of 
chromosome  3  (lying  between  h  and  in) 
has   the   property   of  turning  genetic   fe- 
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males  into  males.  The  transformed  indi- 
viduals (perhaps  best  described  as  extreme 
intersexes)  are  phenotypically  normal 
males,  except  that  they  are  of  the  larger 
size  characteristic  of  females,  and  have 
small  testes  (which  are,  however,  of  nor- 
mal shape  and  color).  These  individuals 
are  wholly  sterile,  even  when  XXY  in 
constitution.  Males  homozygous  for  the 
gene  are  fully  normal  and  fertile;  super- 
females  homozygous  for  it  have  not 
yet  been  obtained,  but  it  is  clear  that  they 
have  the  same  very  low  viability  that  is 
characteristic  of  ordinary  superfemales. 
Attempts  to  introduce  the  gene  in  homo- 
zygous form  into  triploid  intersexes  are 
still  under  way,  but  it  is  already  probable 
that  such  "double  intersex"  individuals 
are  sterile. 


There  is  a  marked  difference  between 
the  phenotypic  effects  of  the  recessive  gene 
for  intersex  in  chromosome  3  and  those  of 
the  previously  reported  recessive  gene  in 
chromosome  2  (L.  V.  Morgan,  Year  Book 
No.  42).  The  latter  does  not  transform 
females  into  complete  males,  but  into 
individuals  showing  characteristics  of  both 
sexes.  They  have  lateral  anal  plates,  as 
have  males,  but  they  have  no  sex  combs. 
Some  individuals  have  female-like  abdo- 
mens, others  have  different  combinations 
of  conspicuous  genitalia  of  both  sexes,  and 
some  have  male-like  abdomens  and  in- 
turned  genitalia.  In  size  the  XX  inter- 
sexes are  intermediate  between  females 
and  males.  Males  homozygous  for  the 
intersex  gene  are  normal  and  fertile  and 
are  of  male  size. 


H.  C.  Sherman,  Columbia  University,  New  York,  New  York.  Research  on  influence  of 
nutrition  upon  the  chemical  composition  of  the  normal  body.  (For  previous  reports 
on  this  and  directly  preceding  researches,  see  Year  Books  Nos.  32  to  41.) 


The  experimental  work  of  this  research, 
interrupted  by  war  conditions  at  about 
the  point  described  in  our  last  report  (Year 
Book  No.  41,  pp.  245-246),  was  resumed 
February  1,  1944. 

The  earlier  experiments  of  this  research 
have  shown  that  although  adult  nutri- 
tional status  (as  influenced  by  riboflavin) 
is  apparently  "plateaued"  when  the  level 
of  nutritional  intake  reaches  or  exceeds  3 
micrograms  of  riboflavin  per  gram  of  air- 
dry  food,  or  0.8  milligram  per  1000  calories 
of  the  diet,  there  was  additional  benefit  to 
the  young  when  the  riboflavin  content  of 
the  family  dietary  was  threefold  higher. 

From  both  chemical  and  biological  view- 
points it  is  of  fundamental  significance  to 
establish  whether  or  not  there  is  even  a 
small  difference  in  riboflavin  content  of 
body  tissue  resulting  from  differences  in 
intake  level  above  that  just  described. 

Analyses  made  at  fixed  intervals  of  time 


from  end  of  infancy  to  early  middle  age 
(30  to  180  days  in  the  rat)  show  that  ribo- 
flavin content  of  muscle,  other  things  be- 
ing equal,  is  higher  at  the  earlier  ages  and 
decreases  slowly  but  steadily  throughout 
this  age  range. 

Comparing  analyses  made  at  fixed  ages, 
with  riboflavin  as  the  sole  significant  var- 
iable of  the  food,  further  experiments 
have  confirmed  the  finding  that  increases 
of  100  to  233  per  cent  over  the  above- 
described  riboflavin  intake  resulted  in 
only  statistically  insignificant  gains;  and 
that  decreases  of  50  per  cent  resulted  in  a 
marked  decrease  of  concentration  of  ribo- 
flavin in  the  liver,  and  a  smaller  but  meas- 
urable decrease  in  muscle  also. 

Thus  the  net  result  of  our  several  series 
of  experiments  with  riboflavin  as  sole 
variable  in  the  diet  is  to  confirm  the  gen- 
eral picture  of  a  riboflavin  content  of  body 
tissue  which  varies  with  the  intake  when 
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intakes  are  low,  then  "plateaus"  at  a  fully 
normal  level,  and  thereafter  remains  es- 
sentially constant  when  intakes  are  raised 
to  higher  levels. 

There  is  reason,  however,  as  briefly  men- 
tioned in  our  last  report,  for  experiments 
in  which  the  intakes  of  protein  and  phos- 
phate as  well  as  of  riboflavin  are  increased. 
This  is  because  the  chief  known  form  in 
which  riboflavin  is  held  in  the  body  is  in 
chemical  combination  with  protein  and 
phosphate.  Considerable  numbers  of  such 
comparisons  have  now  been  made,  with 
the  following  results:  The  effect  of  age 
upon  the  riboflavin  content  of  tissue  is 
confirmed;  but  no  measurable  differences 
in  composition  of  muscle  were  found  to 
result  from  the  differences  in  intake  in 
these  experiments,  namely,  increases  of 
one-fourth  in  each  of  the  three  factors, 
riboflavin,  protein,  and  phosphate,  above 
the  levels  of  the  already  liberal  diet.  In 
the  liver  the  same  was  true  except  at  the 
earliest  age  tested,  where  the  richest  diet 
resulted  in  an  increased  amount  of  ribo- 


flavin. This  increase  was  small  but  statis- 
tically significant,  and  becomes  more 
clearly  apparent  when  computed  as  the 
total  amount  of  liver  riboflavin  in  the  body. 

For  this  reason  and  because  the  ad- 
vantage in  nutritional  well-being  enjoyed 
by  the  young  from  the  families  on  diets 
of  higher  riboflavin  content  does  not  seem 
to  be  entirely  explained  by  the  small  dif- 
ference found  in  the  liver,  we  are  now 
extending  this  phase  of  the  research  into 
analyses  of  the  entire  carcass. 

On  this,  and  on  the  relation  of  nutri- 
tional intake  to  body  content  of  vitamin  A, 
we  hope  to  report  further  findings. 

The  generous  and  efficient  service  of 
those  who  have  collaborated  in  the  work 
here  reported,  whether  as  research  assist- 
ants or  as  volunteers,  is  gratefully  ac- 
knowledged. 
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Because  several  members  of  the  staff 
are  serving  in  the  Army  and  Navy  or 
are  engaged  in  other  activities  connected 
with  the  war,  and  because  those  not  so 
engaged  have  been  occupied  with  the 
preparation  of  reports,  little  field  work  has 
been  done  in  Middle  America.  The  Divi- 
sion has  therefore  been  unable  to  meet  in 
full  the  terms  of  its  contracts  with  the 
governments  ol  Mexico,  Guatemala,  and 
Honduras,  which  call  for  the  annual  ex- 
penditure of  stated  sums.  The  authorities 
in  those  countries,  however,  in  the  fine 
spirit  of  cooperation  they  have  shown  in 
all  dealings  with  the  Institution,  have 
agreed  to  waive  all  financial  requirements 
for  the  period  of  the  present  emergency. 
In  the  meantime  the  limited  amount  of 
field  work  that  it  has  been  possible  to 
carry  on,  together  with  results  of  labora- 
tory and  archive  research  and  study  of 
data  accumulated  in  former  years,  has  per- 
mitted clearer  formulation  of  problems  to 
be  attacked  when  full-scale  activity  can 
be  resumed. 

It  is  with  great  regret  that  we  record  the 
death,  on  September  i,  1944,  of  Dr.  Charles 
Oscar  Paullin,  long  a  member  of  the  staff 
of  Carnegie  Institution.  Dr.  Paullin  joined 
the  Department  of  Historical  Research, 
forerunner  of  the  present  Division,  in  1910. 
He  collaborated  with  Dr.  F.  L.  Paxson  in 
preparation  of  the  Guide  to  the  materials 


in  London  archives  for  the  history  of  the 
United  States  since  iy8j,  published  in  1914; 
and  edited  the  final  volume  of  Miss  Frances 
G.  Davenport's  European  treaties  bearing 
on  the  history  of  the  United  States  and 
its  dependencies,  published  in  1937.  His 
principal  undertaking,  and  one  of  the 
major  enterprises  of  the  Department  and 
later  of  the  Division,  was  the  preparation 
of  his  Atlas  of  the  historical  geography  of 
the  United  States.  It  was  first  planned  in 
1904,  preliminaries  were  begun  in  1912, 
and  in  1914  the  work  was  placed  in  the 
care  of  Dr.  Paullin,  who,  aided  by  many 
specialists,  brought  it  to  completion  with 
its  publication  in  October  1932.  In  April 
1933,  Dr.  Paullin,  as  author,  jointly  with 
Dr.  John  K.  Wright,  as  editor,  received 
the  Loubat  prize  of  $1000  for  the  Atlas. 
This  prize  is  presented  every  five  years  for 
the  "best  work  in  the  English  language  on 
the  history,  geography,  ethnology,  philol- 
ogy, or  numismatics  of  North  America." 
Upon  completion  of  the  Atlas,  Dr.  Paullin 
undertook  an  investigation  of  the  careers 
of  eminent  Americans,  basing  his  research 
upon  the  sketches  in  the  Dictionary  of 
American  biography,  supplemented  by 
genealogical  and  other  records  in  the  Li- 
brary of  Congress  and  elsewhere.  This 
work  was  finished  at  the  time  of  Dr. 
Paullin's  retirement  in  1936  and  is  awaiting 
publication. 


ACTIVITIES,  1943-1944 

During  the  period  under  review  the  on  duty  in  Italy  since  the  invasion  of  that 
several  members  of  the  staff  and  asso-  country.  Mr.  Gustav  Stromsvik,  of  the 
ciates  engaged  in  the  war  effort  have  con-  Royal  Norwegian  Navy,  after  a  year  with 
tinued  their  service.  Major  H.  E.  D.  the  North  Atlantic  convoys,  was  trans- 
Pollock,  of  the  Army  Air  Corps,  has  been  ferred  to  an  English  base  and  took  part 
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in  the  original  landings  on  the  coast  of  active    and    able   group   of   archaeologists 

Normandy.    Lieutenants    (j.   g.)    G.   W.  headed  by  Dr.  Alfonso  Caso,  of  the  Insti- 

Brainerd  and  E.  W.  Andrews  have  been  tuto  Nacional  de  Antropologia  e  Historia. 

serving  in  the  Navy  overseas,  the  former  The  members  of  the  Instituto  have  been 

in  India.  Mr.  Karl  Ruppert,  a  volunteer  in  most  cordial  and  cooperative,  sparing  no 

the  American  Field  Service,  drove  an  am-  pains  to  render  visits  of  the  Division  staff 

bulance  with  the  British  forces  throughout  to  Mexico  City  pleasant  and  profitable.  In 

the  recent  campaign  in  Burma.    He  has  particular,  Professor  I.  Marquina,  acting 

now  been  transferred  to  the  Italian  front,  director  of  the  Instituto  during  the  service 

where  during  the  last  war  he  served  with  of  Dr.  Caso  as  rector  of  the  University  of 

the  United  States  Army  Medical  Corps.  Mexico;  and  Professor  E.  Noguera,  direc- 

Miss  Eleanor  W.  Ritchie,  secretary  of  the  tor  of  the  National  Museum,  have  been 

Division,  is  an  ensign  in  the  WAVES,  on  unremittingly  helpful, 

duty  in  Washington.  In   September    1943   the   Chairman   at- 

In  civilian  capacities,  Mr.  R.  E.  Smith,  tended  the  third  round-table  conference 
after  nearly  two  years  as  assistant  to  the  sponsored  by  the  Anthropological  Society 
United  States  military  attache  in  Guate-  of  Mexico.  These  conferences,  the  first 
mala,  returned  to  the  Division  in  June  of  which  was  devoted  to  the  relationship 
1944.  Mr.  E.  M.  Shook  has  been  engaged  of  the  Tula  and  Teotihuacan  cultures,  the 
in  the  production  of  quinine  in  Guate-  second  to  the  mysterious  La  Venta  or 
mala.  As  his  work  took  him  to  all  parts  Olmec  culture  of  the  Gulf  coast,  have 
of  the  Pacific  slope  of  the  Guatemala  high-  served  not  only  for  the  exchange  of  in- 
lands, a  region  of  great  archaeological  im-  formation  and  the  formulation  of  scientific 
portance  but  one  very  little  known,  he  was  problems,  but  also  to  promote  close  per- 
able  to  locate  a  large  number  of  new  sites,  sonal  relations  between  the  archaeologists 
as  well  as  to  observe  and  photograph  many  of  Mexico  and  the  United  States,  many  of 
private  collections  of  antiquities.  Dr.  A.  M.  the  latter  having  attended  each  of  the 
Halpern  has  continued  as  instructor  in  round  tables.  That  of  1943  concerned  the 
Japanese  at  the  University  of  Chicago,  prehistoric  relations  between  the  cultures 
Dr.  R.  S.  Chamberlain  as  senior  cultural  of  Mexico  and  those  of  southwestern  and 
assistant  in  the  United  States  Embassy  in  southeastern  United  States.  At  its  conclu- 
Guatemala.  Mr.  F.  B.  Richardson  has  been  sion  the  Chairman, with  Dr. Isabel  T.Kelly 
serving  as  legal  attache  at  the  Embassy  in  and  Dr.  Emil  Haury,  visited  museums  and 
Ecuador.  private  collections  in  Morelia  and  Jalisco 

Dr.  S.  G.  Morley  spent  part  of  the  winter  and  conferred  at  her  laboratory  in  Guada- 

in  Yucatan  compiling  a  card  file  of  the  lajara  with  Dr.  Kelly,  who,  under  a  joint 

Maya  hieroglyphs  carved  on  stone.  In  com-  grant   from   the   American    Philosophical 

pany   with   Mr.   J.   E.   S.   Thompson,   he  Society   and   Carnegie   Institution,   is   de- 

later  visited  archaeological  sites  in  Chiapas,  voting  the  current  year  to  preparation  of 

Mexico,  returning  to  Yucatan  by  way  of  reports  upon  her  very  important  excava- 

the  Pasion  and  Usumacinta  rivers.   A  re-  tions  and  surveys  in  western  Mexico, 

port    on    these    journeys    appears    below.  In  April  and  May  1944  the  Chairman 

Mr.  Thompson,  before  and  after  the  Chia-  was  in  Central  America,  spending  several 

pas  trip,  was  in  Mexico  City  studying  the  weeks  in  Salvador  studying  collections  in 

rich   collections   in   the   Mexico   National  the  National  Museum  and  observing  the 

Museum   and   conferring   with   the   very  excavation   of  Tazumal,   which   is   being 
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carried  on  by  Mr.  S.  H.  Boggs  for  the 
government  of  that  country;  and,  in  Gua- 
temala, studying  collections  and  conferring 
with  Messrs.  R.  E.  Smith  and  E.  M.  Shook. 
At  that  time  there  was  planned  an  exhibit 
of  the  very  beautiful  paintings  by  Sr. 
Antonio  Tejeda  F.  of  pottery  found  by 
Mr.  Stromsvik  at  Copan.  This  was  later 
held  at  the  Instituto  de  Bellas  Artes  in 
Guatemala  City,  was  largely  attended,  and 
received  much  favorable  comment  in  the 
press.  Such  exhibits,  of  which  several  have 
been  held  in  former  years,  serve  to  arouse 
local  interest  in  the  preservation  of  antiq- 
uities and  to  promote  understanding  of 
the  aims  and  methods  of  the  Institution's 
work  in  Middle  America.  Similar  results 
have  been  achieved  by  Dr.  Morley's  fre- 
quent lectures  in  Mexico  and  Guatemala 
and  by  those  of  Mr.  Stromsvik  in  Hon- 
duras. 

During  the  year  Dr.  Sol  Tax  directed 
the  food  survey  of  Guatemala  and,  in 
cooperation  with  the  Instituto  de  Antro- 
pologia  e  Historia,  directed  a  cooperative 
ethnological  project  in  Chiapas.  He  de- 
voted a  third  of  his  time  to  teaching  at  the 
University  of  Chicago.  A  report  on  the 
food  survey  is  appended. 

Sr.  Alfonso  Villa  R.  taught,  from  March 
to  November  1943,  a  course  in  ethno- 
graphic methods  at  the  Escuela  Nacional 
de  Antropologia  e  Historia  (Mexico 
City),  while  gathering  together  the  ma- 
terials obtained  in  the  Tzeltal  commu- 
nity of  Oxchuc  (Chiapas)  the  previous 
year.  In  December  he  returned  to  the 
same  community  for  six  months,  accom- 
panied for  two  months  by  four  of  his 
students  in  the  Escuela.  Upon  his  return 
to  Mexico  City  in  June  1944,  he  began  to 
bring  together  all  his  data  of  the  two 
seasons  (and  those  of  his  students)  into 
a  monograph  on  Oxchuc.  He  also  ac- 
cepted an  invitation   to  resume  teaching 


at  the  Escuela  Nacional  for  four  months 
of  the  year. 

Advantage  has  been  taken  of  the  lull 
in  field  activities  to  make  progress  with 
the  writing  of  reports  and  with  their 
preparation  for  press  by  Mrs.  W.  H.  Har- 
rison, editor  of  the  Division  (see  her  report 
below).  Dr.  F.  V.  Scholes  and  Mr.  R.  L. 
Roys  have  worked  on  their  joint  mono- 
graph on  the  history  of  the  Acalan-Tixchel 
area,  Mr.  A.  L.  Smith  on  that  concerning 
the  excavations  at  Uaxactun.  Mr.  J.  E.  S. 
Thompson's  report  on  El  Baul  has  been 
completed,  and  that  of  Miss  A.  O.  Shep- 
ard  on  plumbate  pottery  is  nearing  that 
stage,  as  are  those  of  Mr.  E.  H.  Morris  on 
his  work  on  the  early  cultures  of  north- 
eastern Arizona,  and  of  the  Chairman  in 
collaboration  with  Mr.  E.  M.  Shook  and 
Dr.  J.  D.  Jennings  on  Kaminaljuyu,  Gua- 
temala. Miss  T.  ProskouriakofTs  album  of 
restored  drawings  of  Maya  temples  and 
groups  of  buildings  is  now  in  press.  It  is 
believed  that,  in  addition  to  its  value  to 
Middle  Americanists,  this  work  will  be 
of  much  interest  to  students  of  Old  World 
archaeology  and  to  architects.  During  the 
year  Dr.  Tax  continued  preparation  of  his 
Panajachel  (Guatemala)  materials.  Publi- 
cation of  his  monograph  on  the  economy 
of  the  Indians,  now  completed,  was  held 
in  abeyance,  and  his  comprehensive  volume 
on  the  mental  culture,  which  is  nearly 
finished,  was  laid  aside,  while  he  worked 
on  a  short  introductory  volume  about  the 
community  as  a  whole.  This  book  should 
be  near  completion  by  the  end  of  1944. 

There  follow  more  detailed  reports. 

Reconnaissance  in  Mexico  and 
Guatemala 

S.  G.  Morley,  J.  E.  S.  Thompson 

Dr.  and  Mrs.  Morley  visited  Copan  in 
February  1944.  During  Dr.  Morley's  stay 
he  made  observations  on  all  the  forty-one 
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stelae  known  at  that  site  for  the  purpose  able  importance.  The  style  of  its  sculpture 
of  comparing  the  coefficients  of  glyphs  C  strongly  suggests  connections  with  the 
and  X  of  their  respective  Supplementary  great  cities  of  the  Usumacinta  Valley — 
Series  in  an  endeavor  to  ascertain  the  Piedras  Negras,  Yaxchilan,  and  Palenque — 
cause  of  their  observed  interdependability.  on  the  one  hand,  and  with  Copan  and 
A  new  stela  (no.  28),  discovered  by  Mr.  Quirigua  in  the  southeast  on  the  other. 
Stromsvik,  was  studied.  This  is  only  a  On  his  return  to  Guatemala  City  in  mid- 
fragment  but  presents  a  very  early  style  of  March,  Dr.  Morley  went  to  Quirigua  to 
glyphs.  Unfortunately  it  gives  no  date,  compare  the  coefficients  of  glyphs  C  and  X 
The  most  important  discovery  of  the  trip  of  the  Supplementary  Series  on  the  monu- 
was  the  identification  of  a  heretofore  un-  ments  of  that  site.  On  March  28  he  flew 
reported  Initial  Series.  This  was  found  to  Flores,  capital  of  the  Department  of 
sculptured  on  the  south  jamb  of  the  west  Peten,  accompanied  by  Mr.  Virgilio  Vis- 
doorway  of  Temple  11,  and  records  the  covich,  of  the  Chicle  Development  Corn- 
date  9. 17.2. 11. 16  (a.d.  783).  pany,    whose    services    had    kindly    been 

Later  in  February  Dr.  and  Mrs.  Morley  loaned   to   the   expedition  by   Mr.   Cloyd 

met  Mr.  and  Mrs.  Thompson  at  Tuxtla  Smith,  manager  of  the  company  in  Guate- 

Gutierrez  and  together  they  visited  sites  in  mala,  without  whose  timely  and  powerful 

the  highlands  of  Chiapas.    At  Chinkultic  assistance  the  expedition  could  not  have 

there  was  discovered  a  new  Early  Period  covered  so  much  ground  in  Peten  in  so 

stela   (the  tenth  at  this  site)   bearing  the  short  a  time.    Mr.  Smith,  in  addition  to 

Initial    Series    date    9.9.15.?.?    (a.d.    628).  permitting  Mr.   Viscovich   to   accompany 

This  monument  is   important   in   that   it  the  expedition  as  transport  manager,  not 

carries  the  sequence  of  dates  back  a  cen-  only  placed  at  its  disposal  a  powerful  out- 

tury  and  a  half  beyond  the  earliest  pre-  board  motor  for  river  travel,  but  also  pro- 

viously  reported  at  Chinkultic.  vided  Dr.  Morley  with  letters  of  recom- 

The  party  then  moved  to  Tonina.  This,  mendation   to   the   company's   contractors 

the  largest  known  Maya  site  in  the  Chiapas  throughout  Peten. 

highlands,  is  beautifully  located  on  the  The  expedition  continued  on  to  La  Li- 
north  side  of  the  Jatate  Valley,  a  range  bertad  in  the  great  central  Peten  savanna 
of  low  hills  having  been  terraced  and  by  automobile  the  same  afternoon,  and  the 
utilized  for  the  erection  of  pyramids  and  following  day,  again  by  automobile,  to 
temples  clear  to  the  summit/ some  300  feet  Paso  Subin  on  the  Rio  Subin,  a  small 
above  the  valley  floor.  tributary  of  the  Rio  de  la  Pasion.  Here  the 

The  most  important  epigraphic  discov-  party  embarked  in  a  dugout  canoe,  tem- 

ery    was    an    Initial    Series    inscribed    on  porarily  equipped  with  an  outboard  motor, 

the  back  of  a  crouching  anthropomorphic  for  the  trip  down  the  Rio  Subin  and  Rio 

figure  of  heroic   size   (Sculpture  T.   10).  de  la  Pasion,  and  reached  La  Florida  late 

This  may   record   the   date  9.3.0.0.0    (a.d.  the  same  night. 

495),  which  is  sixty  years  earlier  than  any  The  next  morning  Dr.  and  Mrs.  Morley 

previously  reported  at  Tonina.   Two  new  visited  the  near-by  ruins  of  La  Amelia,  5 

Period  Ending  dates  were  also  deciphered:  miles  distant,  first  reported  by  Messrs.  Pol- 

9.12.5.0.0   (a.d.  677)    on  Sculpture  T.   17,  lock,  Smith,  and  Shook  of  the  Division's 

and  9.15.0.0.0    ?    (a.d.  731)    on   Sculpture  stafi  in  the  spring  of  1940;  and  continued 

T.  34.  down  the  Rio  de  la  Pasion,  reaching  the 

Tonina  was  evidently  a  city  of  consider-  important   site  of  Altar  de  Sacrificios,   3 
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miles  above  the  mouth  of  the  river,  that 
evening. 

Altar  de  Sacrificios  is  located  on  the 
point  of  land  between  the  Rio  de  la  Pasion 
and  the  Rio  Salinas,  which  unite,  3  miles 
below,  to  form  the  Rio  Usumacinta,  the 
largest  watercourse  in  Central  America. 
This  site  in  ancient  times  must  have  been 
of  considerable  importance  because  of  its 
strategic  location.  Up  river,  six  to  ten  days 
by  canoe,  would  have  brought  the  Maya 
to  where  they  could  reach  Quirigua  in  two 
days'  journey  by  mountain  trails,  and 
within  three  days'  journey  of  Copan. 
Three  days  up  the  Rio  de  la  Pasion  and 
the  Rio  Subin,  and  another  three  on  foot 
through  the  forests  and  savannas  of  central 
Peten,  would  have  brought  them  to  Tikal, 
the  largest  city  of  the  Old  Empire,  and,  a 
day  beyond,  to  Uaxactun  in  northern  cen- 
tral Peten.  Six  to  ten  days  up  the  near-by 
Rio  Salinas  would  have  put  them  in  the 
important  centers  of  the  Guatemala  high- 
lands; six  to  ten  up  the  nearby  Rio  Lacan- 
tun,  a  tributary  of  the  Rio  Usumacinta, 
brought  them  to  the  various  centers  of  the 
Chiapas  highlands.  Finally,  it  required 
but  two  to  three  days'  journey  down  the 
Rio  Usumacinta  to  reach  Yaxchilan,  Pie- 
dras  Negras,  and  Palenque,  the  greatest 
art  centers  of  the  Maya.  Literally,  Altar 
de  Sacrificios  lay  at  the  crossroads  of  the 
Old  Empire. 

Here  Mrs.  Morley  discovered  three  new 
stelae  and  three  new  altars,  the  former 
numbered  15,  16,  and  17.  Two  new  Initial 
Series  were  found:  9.3.0.0.0  (a.d.  495)  on 
Stela  13  and  9.10.?.?.?  (between  a.d.  633 
and  652)  on  Stela  16;  and  two  new  Period 
Ending  dates:  9.14.10.0.0  ?  (a.d.  721)  on 
Stela  2  and  9.15.0.0.0  ?  (a.d.  731)  on  Stela 
17.  Most  significant,  however,  was  the  cor- 
rection of  Dr.  Morley 's  former  readings  of 
the  Initial  Series  on  Stelae  10  and  11  from 
9.7.10.0.0  (a.d.  583)  to  9.2.0.0.0  (a.d.  475). 
This  extends  the  sequence  of  dated  monu- 


ments at  Altar  de  Sacrificios  backward 
some  fifty  years  and,  indeed,  makes  this 
site,  on  the  basis  of  the  dated  remains, 
forty  years  earlier  than  any  other  known 
city  in  the  Usumacinta  Valley.  It  raises  the 
implication,  moreover,  that  Maya  culture 
reached  the  Usumacinta  Valley  by  way  of 
the  Rio  de  la  Pasion  and  thence  down  the 
Pasion  Valley,  rather  than  via  the  Rio  San 
Pedro  Martir  in  northwestern  Peten  and 
thence  up  the  Usumacinta  Valley,  as  Dr. 
Morley  formerly  believed. 

The  expedition  left  Altar  de  Sacrificios 
for  the  return  journey  up  the  Rio  de  la 
Pasion  on  April  3,  stopping  at  La  Florida 
to  visit  the  near-by  ruins  of  El  Caribe,  dis- 
covered by  Messrs.  Pollock,  Smith,  and 
Shook  in  1940,  and  the  ruins  of  Aguas 
Calientes,  discovered  by  Drs.  Morley  and 
Spinden  in  1914.  The  next  afternoon  La 
Libertad  was  reached,  and  the  following 
morning  was  spent  at  the  ruins  of  Polol, 
some  8  miles  west  of  La  Libertad,  first 
reported  by  C.  L.  Lundell,  of  the  Institu- 
tion's botanical  expedition  to  Peten  in  1933. 

Dr.  and  Mrs.  Morley  flew  from  Flores 
to  Paso  Caballos  on  the  Rio  San  Pedro 
Martir  on  April  11,  where  they  were  met 
by  Mr.  Salomon  Gonzalez,  the  Chicle 
Development  Company's  contractor  at  La 
Florida  on  the  middle  reaches  of  that 
river,  a  few  miles  east  of  the  boundary  be- 
tween Mexico  and  Guatemala.  In  March 
1943  Mr.  Shook  had  reported  an  important 
new  site  with  sculptured  stone  monuments 
on  the  south  bank  of  the  Rio  San  Pedro  at 
La  Florida,  which  was  reached  by  motor- 
driven  dugout  canoe  from  Paso  Caballos 
on  the  morning  of  April  12.  The  ruins 
are  located  immediately  behind  the  pres- 
ent chicle  and  rubber  camp.  Four  new 
stelae  were  discovered;  one  new  Initial 
Series,  9.15.0.0.0  (a.d.  731)  on  Stela  9,  and 
one  new  Period  Ending  date,  9.16.15.0.0 
(a.d.  766)  on  Stela  7. 

The  party  left  La  Florida  late  the  fol- 
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lowing  afternoon  by   canoe   downstream,  for  counting  was  the  figure  of  the  mythical 

The  Guatemala  frontier  guard  at  Progreso  fish  called  xoc,  because  this  and  the  Yuca- 

on  the  north  bank  of  the  San  Pedro  River  tec    word    xoc,    "count,"    are    homonyms, 

was  passed  the  same  night,  and  late  the  This  is  the  first  good  evidence  that  the 

following  day  the  expedition  reached  the  Maya  used  rebus  writing.   The  results  of 

small  settlement  of  El  Tiradero,  Tabasco,  these  investigations  were  published  early 

Mexico,  at  which  point  the  newly  opened  this   year   under   the   title   The  fish   as  a 

railroad    from    Tenosique    to    Campeche,  Maya    symbol    for    counting.     Since    the 

Mexico,  crosses  the  San  Pedro.   The  next  publication  of  that  paper  Mr.  Thompson 

morning   Dr.    and    Mrs.    Morley    left    El  has  come  upon  other  material  confirming 

Tiradero    by    rail    for     Campeche,     and  beyond  reasonable  doubt  his  identification 

reached  the  latter  point  the  same  evening  of  the  fish  symbol  as  the  xoc  fish, 

and  Merida  the  following  day.  A  variant  of  the  affix  used  as  the  prepo- 
sition ti  appears   with   fair  frequency   in 

Hieroglyphic  Research  Maya  inscriptions.  Its  occurrence  in  Yuca- 

tecan  texts  before  the  coefficients  of  month 
signs  indicates  that  it  represents  the  word 

The  elucidation  of  the  purely  numerical  tu,  a  contraction  of  ti  and  u,  "of,"  for  in 

part    of   Maya    hieroglyphic    writing    has  the  books  of  Chilam  Balam  tu  is  written 

progressed  so  far  that  the  possibilities  of  before    the    day    coefficient,    for    example 

further  success .  along  those  lines  continu-  ox  Cauac  tu  hunte  Pop,  "3  Cauac  at  first 

ally   diminish.    Recently   Mr.   Thompson  of  Pop."    Here  glyphs  and  words  are  in 

has  attacked  the  problem  from  a  different  complete  accord. 

angle,   that   of   seeking  parallels  between  Another   example   of   rebus    writing   is 

the    hieroglyphic    texts    and    the    chrono-  supplied  by   the   completion   sign,   which 

logical   sections   in  the  books  of  Chilam  consists  of  a  hand  over  a  moon  sign  and 

Balam.   There  is  a  certain  danger  in  that  which    immediately    precedes    the   period 

approach  because  we  are  not  certain  ex-  ended.   Here  the  moon  sign  can  have  no 

actly  what  language  was  spoken  by  the  lunar  significance,  but  u,  the  Yucatec  word 

people  who  erected  the  stelae.    One  may  for  moon,  also  means  "of."    The  combi- 

assume,  however,  that  the  language  was  nation   almost  certainly   reads   u   dz'ococ, 

some  lowland  dialect,  because   the  high-  "the   completion   of,"   for   this   expression 

land    Maya    did    not    erect    stelae    with  occurs  frequently  in  the  books  of  Chilam 

hieroglyphic  texts.  Unfortunately  there  are  Balam  in  connection  with  Period  Endings, 

no  chronological  passages  in  Tzeltal,  Choi,  Sometimes  the  hand  is  shown  in  the  act 

or   neighboring   lowland   dialects   or   Ian-  of  scattering  grain,  with  the  xoc  bracket 

guages,  but  these  are  fairly  close  to  Yuca-  "count"  as  prefix.   In  this  form  the  glyph 

tec,  the  language  of  the  books  of  Chilam  usually  follows  a  record  of  time  completed 

Balam.  or  precedes  the  day  on  which  it  was  com- 

A  start  has  been  made  in  deciphering  pleted.     It   is    not    improbable    that    here 

the   many   affixes   attached   to   the   hiero-  we    are    dealing    with    a    past    participle, 

glyphs.   Mr.  Thompson  has  identified  the  Dz'ocaan  means  "brought  to  completion," 

affix  corresponding  to  the  Yucatec  prepo-  and  ocaan,  "sown."  One  may  assume  that 

sition  ti,  "at,  on,  or  from,"  and  elements  there  is  partial  duplication  here,  such  as 

indicating  backward  and  forward.  He  has  occurs   in   Aztec   rebus   writing.    For   in- 

also   advanced   evidence  that   the   symbol  stance,  the  Aztec  glyph  for  the  town  of 
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Cuahuacan  is  composed  of  a  tree,  an  eagle, 
and  the  place  symbol,  but  the  first  two 
elements,  cuahitl  and  cuauhtli,  "tree"  and 
"eagle,"  duplicate  each  other,  one  being 
redundant  except  to  confirm  the  reading 
of  the  other.  The  Maya  glyph,  then,  would 
read  xoc  dz'oc  (oc)aan,  "the  count  brought 
to  completion." 

Confirmation  of  the  translation  of  one 
prefix  as  "forward"  is  supplied  by  its  fur- 
ther use  as  prefix  to  an  element  which 
enters  into  the  combination  Teeple  trans- 
lated as  "new  moon"  or  "same  moon  age." 
Actually,  the  glyph  has  a  somewhat  wider 
meaning,  for  it  is  used  to  indicate  that 
the  date  to  which  it  is  attached  has  lunar 
significance.  When  the  forward  prefix  is 
added,  the  whole  indicates  that  it  is  the 
later  of  the  two  dates  between  which  it 
lies  which  has  a  lunar  significance.  This 
form  occurs  only  at  Palenque,  where  it 
was  particularly  needed  because  of  the 
involved  order  in  which  dates  and  distance 
numbers  were  often  recorded.  Another 
affix  is  placed  below  period  glyphs  only 
when  they  occur  as  distance  numbers. 

Among  the  present-day  Maya  of  the 
Guatemala  highlands  who  still  retain  the 
old  Maya  almanac  of  260  days,  sunset 
marks  the  start  of  the  new  day.  For  Yuca- 
tan we  have  no  direct  evidence  as  to 
when  the  day  started,  but  certain  passages 
in  the  books  of  Chilam  Balam  suggest 
that  the  division  came  at  daybreak  or  sun- 
rise. A  study,  involving  mythological  con- 
cepts, of  all  variants  of  the  glyph  for  day 
in  Maya  texts  leads  to  the  conclusion  that 
the  glyphs  record  a  count  by  sunrises.  It  is, 
of  course,  possible  that  the  starting  point 
had  shifted  from  dawn  to  dusk  before  the 
Initial  Series  period,  but  that  the  old  terms 
had  survived  in  speech  and  writing  just  as 
September  etc.  have  survived  in  our  calen- 
dar, although  they  are  no  longer  the  sev- 
enth et  seq.  months. 

The  time  may  not  be  far  distant  when 


Maya  hieroglyphic  texts  will  have  to  be 
translated  first  into  Maya  in  order  to  con- 
serve the  full  richness  of  their  message. 

Ceramic  Technology 
Anna  O.  Shepard 

The  interruption  of  archaeological  field 
work  has  reduced  the  volume  of  routine 
analysis  of  paste  required  of  the  techno- 
logical laboratory,  and  thus  afforded  time 
for  the  study  of  aspects  of  ceramics  ordi- 
narily considered  outside  the  technological 
field.  The  desirability  of  fully  correlating 
stylistic  and  technological  data  and  of  using 
technological  analysis  to  aid  in  the  solution 
of  well  defined  archaeological  problems  has 
often  been  stressed  but  seldom  found  easy 
of  accomplishment.  One  way  of  facilitat- 
ing such  correlations  is  for  the  technologist 
occasionally  to  undertake  general  ceramic 
investigations.  The  study  of  plumbate 
ware,  described  in  the  last  annual  report, 
led  naturally  to  two  broader  studies,  one 
of  design  symmetry,  the  other  of  pottery 
form;  these  have  constituted  the  principal 
projects  of  the  year. 

The  design  study  was  initiated  by  an 
attempt  to  compare  the  symmetry  of  plum- 
bate  design  with  that  of  fine  orange  ware, 
which  had  been  described  by  Dr.  G.  W. 
Brainerd.  A  series  of  experiments  with 
symmetry  showed  that  the  usual  concepts 
and  accepted  definitions  are  limited  to 
those  relating  to  finite  designs;  it  is  not 
ordinarily  realized  that  infinite  linear  or 
one-dimensional  designs  involve  higher 
types  of  symmetry  and  are  of  seven  basic 
classes,  instead  of  three  as  in  the  case  of 
finite  designs.  A  method  of  classification 
was  therefore  developed  for  linear  or  band 
designs,  and  its  applicability,  as  well  as 
the  significance  of  the  evidence  obtained, 
was  tested  by  analyzing  a  large  series  of 
designs  from  four  Southwestern  and  three 
Middle   American   wares   which   are   well 
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illustrated  in  the  literature.  The  South- 
western design  systems  chosen  for  study 
were:  that  of  Mesa  Verde,  representing 
rectilinear  and  cursive  design  of  the  Classic 
Pueblo  period;  that  of  Pecos  Glaze  Paint 
ware,  for  simple  panel  treatment  in  a 
medium  which  required  progressive  de- 
sign simplification;  that  of  Santa  Do- 
mingo, for  curvilinear  design  of  the  his- 
toric period;  and  that  of  classic  Mimbres, 
chosen  because  of  the  complexity  of  its 
structure.  The  Middle  American  systems 
included,  in  addition  to  Plumbate  and 
Fine  Orange,  that  of  Code,  Panama  pot- 
tery, which  is  characterized  by  specializa- 
tion in  scroll  patterns.  The  contribution 
which  symmetry  makes  toward  the  under- 
standing of  design  relationships  was  com- 
pared with  that  of  structure  and  design 
elements  which  are  recognized  criteria  in 
design  analysis.  Results  of  the  study  have 
been  summarized  in  an  illustrated  paper. 

Form  is  of  primary  interest  to  the  stu- 
dent of  Mesoamerican  pottery  because  of 
its  diversity,  and  particularly  because  many 
forms  appear  to  be  peculiar  to  periods  or 
regions.  It  seemed  desirable  at  this  stage 
to  summarize  our  knowledge  of  pottery 
shape  in  order  better  to  trace  the  distribu- 
tion of  specialized  forms  and  to  under- 
stand the  influence  of  one  region  upon 
another  as  revealed  by  the  sum  total  of 
form  traits.  A  card  index  of  pottery  form 
has  therefore  been  started  to  facilitate  such 
a  summary,  and  also  to  guide  the  sys- 
tematization  of  form  classification  and 
definition,  and  to  lead  to  broad  compara- 
tive studies  of  the  pottery  shapes  of  differ- 
ent culture  areas.  To  date,  over  a  thousand 
cards  have  been  prepared,  and  a  consistent 
working  classification  has  been  devised. 
The  task  of  checking  reports  for  this  mate- 
rial has  incidentally  constituted  a  sugges- 
tive review  of  ceramic  literature. 

In  the  fall,  six  weeks  spent  in  the  East 
were  devoted  in  part  to  library  work  in  the 


Peabody  Museum  at  Cambridge  and  in 
part  to  the  study  of  museum  collections. 
Details  of  costume  shown  in  codices, 
sculpture,  and  pottery  were  reviewed  for 
comparison  with  representations  on  plum- 
bate  effigy  vessels.  The  study  of  museum 
collections  followed  a  series  of  experiments 
with  incised  decoration  planned  to  ascer- 
tain whether  or  not  the  use  of  different 
tools  such  as  the  gouge,  knife,  and  point 
could  be  recognized.  The  effects  of  paste 
hardness  and  texture  on  the  quality  of 
linework  were  also  investigated,  and  an 
instrument  for  measuring  the  depth  of 
incised  lines  was  devised. 

Petrographic  analysis  during  the  year 
was  limited,  first,  to  a  revision  of  the 
technological  notes  for  the  Kaminalijuyu 
report,  together  with  further  study  of  vol- 
canic ash  temper  with  relation  to  the 
question  of  the  extent  to  which  ash  from 
different  sources  can  be  recognized;  and, 
second,  to  the  analysis  of  stucco  and  pig- 
ment samples  from  fresco-decorated  wares 
of  Guatemala,  Mexico,  and  Salvador.  In 
the  stucco  samples,  a  variety  of  materials 
and  techniques  was  recognized  which 
should  aid  in  identifying  the  work  of  par- 
ticular schools  of  stucco  decoration. 

In  anticipation  of  the  preparation  of  a 
handbook  on  methods  of  pottery  analysis, 
a  bibliography  has  been  prepared  which 
covers  current  periodical  literature  on  re- 
cent ceramic  research  and  analytical 
method  of  interest  to  the  technologist.  In 
the  same  connection  recent  literature  on 
color  standards  and  color  nomenclature 
has  been  reviewed. 

Southwestern  Archaeology 

E.  H.  Morris 

During  the  past  year  Mr.  Morris  made 
progress  on  his  report  on  the  early  Basket 
Maker  sites  near  Durango,  Colorado, 
which   have   been   described   in   previous 
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issues  of  the  Year  Book.   The  completion  fully  rounded  by  laying  out  the  warps  in 

of   this   report   has   been    much    deferred  U  shape,  with  open  end  at  the  heel.   Cus- 

by   the   loss   of   assistants   and   secretaries  tomarily  the  upper  surface  is  free  of  struc- 

to  the  war  effort.  tural  pattern,  but  presents  transverse  bands 

A  study  of  Anasazi  cross-woven  sandals,  of  different  texture,  dependent  upon 
started  as  a  side  venture  to  utilize  the  skill  whether  in  a  specific  area  the  wefts  were 
of  an  unusually  able  artist-draftsman,  Miss  twined  or  woven  in  plain  over-under  tech- 
Jean  G.  Zeigler,  has  developed  into  a  nique.  On  this  upper  surface  appear  the 
major  undertaking.  The  study  was  begun  designs  accomplished  by  the  use  of  dyed 
upon  a  series  of  300  sandals  recovered  wefts — yellow,  several  shades  of  red, 
during  excavations  by  the  Institution  in  brown,  and  black.  The  designs,  of  neces- 
1931  among  cave  sites  in  northeastern  Ari-  sity  geometric,  are  of  great  variety,  often 
zona.  Examination  soon  emphasized  what  of  extreme  complexity,  and  invariably 
has  been  known  in  a  general  way  before,  pleasing  to  the  eye. 

namely,    that    because    of    intricacies    of  In  intricacy  and  difficulty  of  accomplish- 

weave  and  profusion  of  decoration,  their  ment,    structural    embellishment    of    the 

cross-woven  sandals  represent  the  highest  nether  surface  of  the  sandals  outdoes  the 

accomplishment  of  the   Anasazi   in   both  colored  patterning  of  the  side  that  went 

manipulative   techniques   and   artistic   ex-  next  the  foot.    Such  ornamentation  could 

pression.  be  achieved  only  in  finger-woven  fabrics 

The  Carnegie  collection  consists  almost  constructed  without  the  use  of  the  loom  or 

wholly  of  specimens  of  Basket  Maker  III  other  mechanical   aid.    Evidently   the  art 

age — roughly   from   a.d.   500   to   700.    Al-  had  been  long  practiced  before  the  time 

though  a  report  upon  these  alone  would  from  which   the  oldest  known  examples 

mount    to    monographic    proportions,    it  have   survived,   since  many  of  the  oldest 

would  characterize  but  a  relatively  brief  specimens  exhibit  the  greatest  complexity 

stage  in  the  life  history  of  an  art  that  was  of  weave.   This  consists  in  the  production 

practiced  long  before  and  after.   Hence  it  of  structural  pattern  by  the  introduction 

was  decided  to  broaden  the  study  by  re-  on  the  under  side  of  supplementary  warps 

course  to  specimens  borrowed  from  other  and  wefts,  which  were  variously  wrapped 

collections,  to  cover  the  entire  time  span  and  twisted  about  one  another  to  accom- 

through    which    cross-woven    sandals    are  plish   the   ornamental   effect.    The   result 

known  to  have  been  manufactured.  is  a  two-ply  fabric  held  together  only  by 

For  purposes  of  generalization,  the  rank-  occasional  looping  of  the  secondary  around 

ing  type  of  cross-woven  sandal  is  a  flat  the  primary  warps.   Eventually  the  use  of 

sole  of  extremely  tight  and  hard  fabric,  secondary  warps  and  wefts  was  given  up, 

made  from  cordage,  coarse  to  fine  in  dif-  probably  because  it  was  found  that  com- 

ferent    specimens.     The    cords    most    fre-  parable   raised    decoration   could    be   pro- 

quently  are  of  yucca  fiber;  the  warps  are  duced  by  devious  wrappings  and  knottings 

always  so,  but  for  weft,  other  materials  of  the  weft  cords  themselves, 

such  as  Indian  hemp,  human  hair,  and,  The    earliest    dated    site    which    has 

late  in  the  cycle,  cotton  sometimes  were  yielded   cross-woven   sandals   is   du    Pont 

employed.    In  early  specimens  the  warps  Cave  in  southern  Utah,  a.d.  217.  The  latest 

run  longitudinally  and  the  toe  ends  grade  is    the    Aztec    Ruin    in    northern    New 

from  square  to  deeply  scalloped.   Eventu-  Mexico,  which  was  built  between  a.d.  iiio 

ally  the  scalloped  toe  was  changed  to  one  and  1121  and  was  occupied  for  some  time 
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thereafter.  Thus  the  life  span  of  cross- 
woven  sandals  was  in  round  numbers  fully 
1000  years.  Why  the  Anasazi  saw  fit  to 
expend  the  best  of  their  mechanical  ability 
and  their  full  craving  for  beauty  on  foot- 
gear that  would  but  little  outwear  the  time 
it  took  to  produce  it,  we  shall  never  know. 
But  in  so  doing  they  left  the  richest  herit- 
age of  early  North  American  art,  as  ex- 
pressed in  perishable  media,  that  has  sur- 
vived to  the  present.  It  is  the  intention 
of  Mr.  Morris  to  continue  his  current  study 
until  the  range  and  sequence  of  techniques 
employed  and  decorative  effects  achieved 
in  cross-woven  sandals  can  be  presented 
for  publication  in  adequate  detail. 

Social  Anthropology 

Robert  Redfield,  Sol  Tax,  and  Associates 

Because  of  duties  connected  with  the 
war  activities  of  the  University  of  Chicago, 
Dr.  Redfield  was  unable  to  take  the  field. 
He  remained,  however,  in  close  touch 
with  the  ethnological  work  of  the  Division. 

The  principal  undertaking  of  the  period 
under  review  was  a  survey  of  the  food  con- 
sumption and  food  habits  of  the  nonurban 
people  of  Guatemala.  The  project  is  de- 
signed to  complement  a  similar  study  car- 
ried out  some  years  ago  by  the  Division 
in  cooperation,  with  the  Nutrition  Labora- 
tory among  Maya  living  under  very  differ- 
ent conditions,  both  of  climate  and  of  soil, 
in  northern  Yucatan. 

By  far  the  most  important  of  the  mani- 
fold practical  problems  of  human  existence 
is  that  of  filling  the  stomach.  Men  must 
be  fed  before  any  other  activity  can  be 
undertaken.  The  quality  and  quantity  of 
their  food  determines  their  health  and 
vigor;  the  ease  or  difficulty  of  its  attain- 
ment regulates  the  amount  of  effort  they 
may  put  into  activities  beyond  and  above 
the  mere  business  of  keeping  alive.  Food 
supply  and  physical  environment  interlock 


to  produce  the  most  cogent  conditioning 
factors  of  any  people's  career.  No  anthro- 
pological or  historical  investigation  can 
therefore  strike  very  deep  without  taking 
them  both  seriously  into  account. 

From  the  archaeological  point  of  view, 
studies  of  food  and  cooking  among  the 
living  Indians  of  Middle  America  are 
necessary  in  order  to  give  us  information 
regarding  food  and  its  preparation  in 
former  times.  This  is  needed  to  make 
clear  the  uses  of  utensils  found  in  excava- 
tion. Of  greater  importance  is  knowledge 
of  the  nature  and  amount  of  food  required 
by  the  ancients,  in  order  to  permit  esti- 
mates of  the  number  of  people  who  could 
have  been  supported  in  various  sorts  of 
country.  That  modern  data  will  be,  so  to 
speak,  retroactively  reliable  is  indicated  by 
the  strong  conservatism  of  the  Maya  in 
other  regards,  as,  for  example,  in  clothing, 
in  agricultural  practices,  and  in  house 
building.  And  for  present-day  needs  the 
survey  will  furnish  basic  data  on  the  food 
of  the  country  as  a  whole  for  comparison 
with  that  of  other  countries  and  regions 
and  for  determining  the  nutritional  factors 
in  problems  of  public  health  in  Guate- 
mala; as  well  as  for  comparisons  of  foods 
consumed  in  different  types  of  Guate- 
malan communities  in  order  to  weigh  the 
geographic,  agronomic,  economic,  and  cul- 
tural factors  involved  in  such  differences. 
Plans  for  the  survey  were  drawn  in  August 
1943  following  a  conference  in  Guatemala 
City  between  Dr.  Tax  and  Srs.  Goubaud 
and  Rosales,  and  field  work  was  begun  the 
next  month  by  Srs.  Goubaud  and  Rosales 
and  Sr.  Agustin  Pop,  a  young  Guate- 
malan who  has  been  Sr.  Rosales'  assistant 
in  San  Pedro  la  Laguna. 

Since  the  attempt  is  to  determine  the 
kinds  and  quantities  of  food  consumed, 
with  little  or  no  immediate  reference  to 
causes  and  effects,  or  to  the  chemical  com- 
position of  the  foodstuffs,  the  data  that 
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are  being  collected  are  limited  to  detailed 
records  of  the  daily  consumption  of  indi- 
viduals of  sample  families,  to  recipes  (to 
make  the  consumption  records  exact  and 
intelligible),  to  information  on  kitchens 
and  utensils  and  customs  relating  to  food, 
and  to  a  general  index  of  foodstuffs  used 
throughout  the  year,  with  information  on 
prices,  seasonal  variations,  etc. 

Considerable  attention  is  paid  to  obtain- 
ing a  scientific  sampling  of  families  for 
study  within  each  community.  The  im- 
portance of  getting  an  adequate  cross  sec- 
tion made  it  advisable  to  choose,  so  far  as 
possible,  communities  in  which  ethnolog- 
ical studies  have  already  been  made,  so 
that  the  economic  and  social  distinctions 
that  must  be  taken  into  account  can  be 
known  without  further  extensive  work.  In 
regions  where  no  such  investigations  have 
been  undertaken,  more  time  was  allotted 
for  the  survey.  Otherwise,  the  communi- 
ties were  chosen  to  represent  regional, 
geographical,  cultural,  and  social  differ- 
ences in  the  country  as  a  whole. 

By  the  end  of  June,  Sr.  Goubaud  had 
completed  work  in  five  communities: 
those  of  Ladinos  and  Indians  in  San 
Luis  Jilotepeque  (Pokoman)  and  Jocotan 
(Chorti)  in  eastern  Guatemala,  and  in  the 
coffee  plantation  "Nueva  Granada"  in  the 
southwest  extremity  of  the  country,  where 
the  Indians  are  largely  of  Mam  origin. 
Simultaneously,  Srs.  Rosales  and  Pop  com- 
pleted studies  in  another  five  communi- 
ties, all  in  Central  Guatemala:  the  high- 
land Indian  towns  of  San  Pedro  la  Laguna 
(Zutugil)  and  Panajachel  (Cakchiquel), 
the  Ladino  communities  of  Solola  and 
Agua  Escondida,  and  the  lowland  colony 
of  San  Pedro  Indians  in  the  village  of 
Cutzan.  By  the  end  of  1944  Sr.  Goubaud 
is  scheduled  to  finish  work  on  the  Indians 
of  San  Miguel  Chicaj  (the  easternmost 
Quiche  town,  in  Baja  Verapaz)  and  on 
the  Indians  and  Ladinos  of  San  Juan 
15 


Chamelo  (a  Kekchi  town  of  Alta  Vera- 
paz). In  the  same  period  Srs.  Rosales  and 
Pop  will  study  in  Aguacatan  (southeastern 
Huehuetenango),  where  there  appear  to 
be  two  possibly  distinct  Indian  groups  as 
well  as  a  settlement  of  Ladinos,  and  in  the 
Mam  Indian  town  of  Santiago  Chimal- 
tenango  (western  Huehuetenango) ;  if 
they  have  time,  they  will  also  collect  food 
data  in  Santa  Eulalia,  a  Chuj  town  in 
northern  Huehuetenango. 

Field  studies  will  be  finished  by  the  end 
of  1944,  and  during  the  first  months  of 
1945,  Sr.  Goubaud  will  compile  and  cor- 
relate the  data  and  draw  conclusions.  Sr. 
Rosales,  meanwhile,  can  return  to  his  re- 
port on  the  culture  of  San  Pedro,  work 
on  which  was  suspended  to  permit  his 
participation  in  the  food  survey. 

Partly  to  choose  communities  to  be 
studied  in  the  food  survey,  partly  to  obtain 
first-hand  knowledge  of  northern  Guate- 
mala, a  month's  reconnaissance  of  Hue- 
huetenango, northern  Quiche,  and  Vera- 
paz was  undertaken  in  April.  Dr.  Tax 
entered  Guatemala  from  Chiapas  at  the 
extreme  northwest  corner  of  Huehuete- 
nango, where  Srs.  Goubaud  and  Rosales 
met  him.  Together,  by  horseback  and 
automobile,  they  then  traveled  across  the 
whole  of  northern  Guatemala  almost  to 
the  Lago  de  Izabal,  stopping  on  the  way 
in  about  forty  communities.  Besides  ob- 
taining a  general  idea  of  the  geography 
and  sociology  of  the  area,  for  comparison 
with  that  to  the  south,  they  were  able  to 
trace  the  changing  religious  complexes  and 
other  cultural  differences  by  fixing  atten- 
tion upon  a  small  number  of  specific 
cultural  traits. 

Work  in  Chiapas  made  great  strides 
during  the  year.  It  has  been  mentioned 
that  Sr.  Villa  completed  a  second  season 
in  Oxchuc,  this  time  accompanied  by  four 
students.  In  addition,  three  of  the  students 
who  last  year  were  trained  in  Zinacantan 
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by  Dr.  Tax  returned  to  Chiapas  in  De- 
cember 1943  for  six  months'  field  work  in 
the  region.  Sra.  Calixta  Guiteras  Holmes, 
whose  special  interest  was  the  family  and 
clan  organization,  worked  especially  in 
San  Pedro  Chenalho  (Tzotzil)  and  in 
Cancuc  (Tzeltal) ;  Sr.  Ricardo  Pozas 
Arciniegas,  specializing  on  the  economy, 
studied  chiefly  in  Chamula  (Tzotzil)  and 
Huistan  (Tzeltal) ;  and  Sr.  Fernando 
Camara  Barbachano  worked  in  Tenejapa 
(Tzeltal)  and  San  Miguel  Mitontic 
(Tzotzil),  especially  on  the  politico-re- 
ligious organization.  Funds  for  their 
work  were  supplied  equally  by  the  In- 
stituto  Nacional  de  Antropologia  e  His- 
toria  (Mexico),  the  state  of  Chiapas,  and 
the  University  of  Chicago,  but  the  project 
was  consummated  under  the  direction  of 
Dr.  Tax,  with  advice  from  Dr.  Redfield 
and  Sr.  Villa.  Sr.  Villa  had  numerous 
contacts  with  the  three  field  workers.  Dr. 
Tax  directed  the  work  by  correspondence, 
and  before  making  the  reconnaissance  of 
Guatemala,  in  April,  he  spent  a  week  in 
Chiapas  in  consultation  with  Sra.  Guiteras 
and  Srs.  Pozas  and  Camara. 

As  a  result,  comparatively  full  informa- 
tion about  the  whole  highland  Tzeltal- 
Tzotzil  region  of  Chiapas  is  now  at  hand; 
during  the  next  year  the  field  notes  will 
probably  be  organized  and  one  can  expect 
that  for  the  first  time  real  understanding 
of  the  ethnology,  sociology,  and  economy 
of  this  hitherto  unknown  region  will 
emerge.  Indeed,  within  the  space  of  two 
years  we  have  probably  obtained  as  much 
information  about  this  area  as  there  is 
available  about  any  similar  area  in  all  of 
Middle  America.  The  region  appears  to 
be  of  extraordinary  importance  ethnologi- 
cally,  with  a  social  organization  of  a  type 
more  primitive  than  any  hitherto  encoun- 
tered in  Middle  America. 

To  facilitate  the  elaboration  of  all  the 
materials    collected     in     Guatemala     and 


Chiapas  during  the  past  ten  years,  both 
by  members  of  the  Institution  staff  and 
by  others,  a  project  to  microfilm  manu- 
script material,  which  can  then  serve  as  a 
basis  for  specialized  publications,  has  been 
inaugurated.  It  is  hoped  to  gain  the  co- 
operation of  institutions  and  individuals 
that  possess  unpublished  materials  on 
Middle  American  ethnology,  social  anthro- 
pology, and  linguistics,  in  order  to  obtain 
a  complete  library  of  microfilmed  mate- 
rials that  can  be  used  by  all  concerned. 
Plans  already  under  way  include  the 
microfilming  of  a  large  body  of  manu- 
script materials;  Mr.  Melvin  Tumin  is 
assisting  with  the  editorial  work.  The 
more  difficult  problem  is  that  of  obtaining 
means  to  index  all  the  materials  to  make 
them  easily  usable  by  scholars  in  the  field. 
If  the  project  comes  to  fruition,  it  will 
solve  the  dilemma  posed  by  the  practical 
impossibility  of  publishing  all  field  data 
collected,  on  the  one  hand,  and  on  the 
other  the  undesirability  of  publishing  con- 
clusions and  interpretations  without  mak- 
ing available  the  material  on  which  they 
are  based. 

History  of  the  Maya  Area 
F.  V.  Scholes,  R.  L.  Roys,  E.  B.  Adams 

During  the  past  year  Mr.  Scholes  and 
Mr.  Roys  have  devoted  a  large  part  of 
their  time  to  the  volume  on  Acalan-Tix- 
chel.  Mr.  Roys  was  also  occupied  with 
details  of  proofreading  and  indexing  his 
recently  issued  work  entitled  The  Indian 
background  of  colonial  Yucatan. 

In  the  course  of  the  year  various  series 
of  documents  relating  to  the  colonial  his- 
tory of  Yucatan  have  been  extracted  in 
preparation  for  other  studies  in  progress. 
Two  groups  of  these  papers  deserve  notice 
at  this  time. 

Of  special  interest  to  the  historian  and 
the  ethnologist  is  the  probanza  of  services 
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of  Padre  Antonio  de  Arroyo,  a  native  of  of  these  orders,  and  there  is  evidence  that 
Yucatan,  who  served  for  seven  years  (ca.  many  of  them  were  still  on  file,  probably 
1586-1593)  as  cura  and  vicar  of  Chan-  in  the  episcopal  archive,  a  decade  later, 
cenote,  and  later  (ca.  1593-1596)  in  a  Unfortunately  copies  of  these  procesos 
similar  capacity  at  Peto.  From  1597  to  were  not  incorporated  in  the  probanza 
1603  he  officiated  as  a  cura  in  the  cathedral  proceedings,  and  we  assume  that  they  are 
of  Merida,  and  in  1598  was  appointed  now  lost.  But  the  probanza  records  cer- 
visitor  general  for  ecclesiastical  affairs  in  tain  details  which  illustrate  Arroyo's  activi- 
Tabasco  by  the  bishop,  Fray  Juan  Iz-  ties  and  the  prevalence  of  idolatry  in  cer- 
quierdo.  In  1603  he  also  had  charge  of  tain  towns  of  the  Chancenote  district, 
the  parishes  of  Santiago  and  Santa  Ana  In  Nabalam,  where  an  investigation  was 
in  Merida.1  made  with  the  aid  of  Don  Marcos  Copul, 
In  1592,  while  serving  at  Chancenote,  cacique  and  natural  lord  of  the  pueblo,  a 
Arroyo  was  authorized  by  the  episcopal  considerable  number  of  "hechiceros,  sorti- 
authorities  (Bishop  Izquierdo  and  his  legos  y  idolatras"  were  punished.  In  the 
vicar  general,  Br.  Pablo  de  Leon)  to  make  pueblo  of  Tixholop  the  cacique,  Juan 
an  investigation  of  idolatry  in  the  pueblos  Tzama,  was  found  guilty  of  idolatry,  and 
of  the  Chancenote  area,  where  it  was  re-  we  are  told  that  the  village  of  Tixmucul 
ported  that  many  Christian  Indians  still  was  "almost  lost"  because  of  the  wide- 
practiced  the  "rites,  ceremonies,  and  sacri-  spread  practice  of  native  religion  there, 
fices  of  idolatry  as  in  ancient  times."  He  Two  native  priests  of  Tixmucul  are  men- 
was  instructed  to  find  out  who  these  In-  tioned  by  name  (Pedro  Cocom  and  Juan 
dians  were  and  the  number  of  idols  they  Hun),  and  the  testimony  also  states  that 
possessed,  and  he  was  particularly  charged  Arroyo  went  in  person  to  the  milpas  of 
to  discover  who  served  as  ah  kins,  or  native  the  town,  where  he  removed  many  clay 
priests,  "and  the  artisans  who  make  the  idols,  "which  [the  Indians]  worshiped  as 
idols  .  .  .  and  the  [persons]  who  serve  as  gods." 

chaques  [chacs]."   If  possible,  he  was  also  In  1595  Arroyo  made  a  similar  investi- 

to    learn    where    the    Indians    kept    their  gation  in  the  pueblos  of  the  Peto  district, 

"books  of  idolatry"  and  where  the  idola-  Again   we   have    references   to    the    large 

trous  ceremonies  were  held.    It  should  be  number  of  procesos  that  were  formulated 

noted,  however,  that  his  instructions  ex-  and   sent  to  Merida,  but,  as  in  the  case 

pressly  stated  that  he  should  proceed  "with  of  the  proceedings  at  Nabalam,  Tixholop, 

piety  and  mercy,"  imposing  no  pecuniary  and  Tixmucul,  the  actual  documents  are 

penalties  and  assuring  guilty  parties  that  missing.    It  would  appear,  however,  that 

if  they  would  be  good  Christians  in  future  in  the  Peto  area  idolatry  was  even  more 

a  just  and  mild  penance  would  be  granted,  widespread  than  in  the  northeast. 

In  the  case  of  the  native  priests  and  the  Don  Melchor  Xiu'  govemor  and  caci^ue 

u  1     .1       -i  1      .1      1  •  1  of  Calamud   (Calotmul),  who  later  gave 

artisans  who  made  the  idols,  the  bishop  v  '  * 

j  *.    u-        \c  .u      •   u.  testimony  as  a  witness  for  Arroyo,  stated 
reserved  to  nimselt  the  right  to  pronounce  \  .        . 

that   in   his  own   pueblo    'almost   all   the 
sentence. 

TL  1  j.  ,  citizens  \vecinos\   were  public  and  secret 

Ihe  probanza  indicates  that  numerous  \  J,         .  r  . 

£  1       ,  1  ,  idolaters.     Here  the  priest  punished  many 

procesos    were    formulated    as    the    result  ...      ,  .  „  ,      .       r  ,  , 

hechiceros,     both  men  and  women,  and 

1  The  probanza  is  in  Archive  General  de  In-  removed    more    than    six    hundred    idols, 

dias,  Mexico,  legajo  294.  The   probanza   also   tells   about   a   certain 
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Juan  Puc,  "a  bishop  .  .  .  who,  as  chief 
of  the  said  idolatry,  was  respected  and 
obeyed."  This  "bishop"  made  use  of  a 
miter,  described  as  being  made  of  a  manta 
painted  yellow,  a  cope  (capa),  hyssop, 
"and  other  trappings  of  a  pontiff  and 
bishop,"  and  he  also  had  certain  "books 
of  idolatry."  He  was  assisted  by  four 
other  native  priests,  Juan  Huh,  Juan  Na, 
Diego  Chan,  and  Juan  Mo,  "who  in  the 
ministry  of  idolatry  had  divided  the  said 
pueblo  of  Calamud  into  barrios  [parciali- 
dades]  and  confradias."  From  all  these 
leaders  Arroyo  took  away  numerous 
"idols,  trappings,  and  offerings  of  copal 
incense,  cuzcas,  piedras,  cacao,  and  cloth- 
ing which  had  been  offered  to  the  idols." 

Don  Antonio  Pot,  cacique  and  governor 
of  Dzitmop,  and  Don  Gaspar  Chan,  caci- 
que and  governor  of  Chunhuhub,  were 
also  guilty  of  idolatry  and  were  publicly 
punished,  along  with  many  other  Indians 
of  their  towns.  Many  other  natives  con- 
fessed in  secret  and  handed  over  their 
idols. 

It  is  evident  that  although  a  large  num- 
ber of  Indians  in  the  Chancenote  and  Peto 
areas  were  publicly  chastised,  the  punish- 
ments were  not  severe.  The  bishop's  in- 
structions, as  noted  above,  forbade  the 
use  of  stern  measures,  and  the  testimony 
recorded  in  the  probanza  tells  how  Arroyo, 
by  persuasion  and  mildness,  induced  the 
Indians  to  abandon  their  idolatrous  prac- 
tices. This  is  in  sharp  contrast  with  the 
record  of  Landa's  investigation  of  1562.  It 
is  true,  of  course,  that  we  have  no  evidence 
of  human  sacrifice  in  these  later  docu- 
ments, so  that  there  was  not  the  same  need 
for  drastic  measures.  Nevertheless,  it 
seems  clear  that  the  bishop  and  his  agent, 
Arroyo,  consciously  adopted  a  policy  of 
persuasion  and  mild  punishments,  and  this 
may  indicate  a  new  tactic  in  dealing  with 
Indians  who  had  reverted  to  their  old 
religion  and  ceremonial  practices. 


The  actual  procesos  in  these  idolatry 
cases  of  1592  and  1595  undoubtedly  re- 
corded a  considerable  amount  of  data  con- 
cerning Maya  religion  and  the  manner  in 
which  it  was  carried  on  in  post-conquest 
times,  but  the  documents  are  apparently 
irretrievably  lost.  Above  all,  it  is  unfortu- 
nate that  the  "books  of  idolatry  written 
in  figures  and  characters"  that  were  taken 
from  the  Indians  and  were  still  preserved 
in  Merida  in  1603  are  now  missing. 

During  the  year  Miss  Adams  has  been 
making  a  study  of  numerous  documents 
relating  to  French  corsairs  in  the  Yucatan 
area.  The  activities  of  these  corsairs  on  the 
coasts  of  Yucatan  and  Campeche  during 
the  sixteenth  century  form  an  integral  part 
of  the  whole  history  of  the  operations  of 
French  and  English  privateers  and  pirates 
in  the  Caribbean  in  that  period.  Although 
the  commercial  importance  of  this  prov- 
ince and  its  principal  port,  San  Francisco 
de  Campeche,  was  comparatively  small, 
their  location,  in  close  proximity  to  Cuba, 
Florida,  and  the  New  Spain  port  of  San 
Juan  de  Ulua,  made  the  possibility  of  any 
serious  foreign  encroachments  there  a  po- 
tentially great  danger  to  Spanish  suprem- 
acy in  the  whole  region.  Moreover,  the 
New  Spain  fleet  passed  close  to  these 
coasts,  and  if  the  Mainland  fleet  was  to 
touch  at  Havana,  it  also  had  to  pass  near 
the  Yucatan  peninsula.  The  presence  of 
corsairs  along  the  Yucatecan  shore  was 
also  a  menace  to  all  local  coastal  trade 
from  New  Spain  to  the  Rio  de  la  Hacha, 
and  to  the  trade  carried  on  with  the 
islands. 

Although  French  adventurers,  especially 
Norman  sailors,  were  the  first  to  challenge 
Castilian  monopoly  in  the  Caribbean,  the 
story  of  the  most  important  period  of  their 
piratical  activities,  which  began  in  the 
i53o's  and  continued  into  the  i59o's, 
has  been  told  only  in  part.  During  his 
researches   in   the   Archive  of  the   Indies 
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at  Seville  and  the  Archivo  General  de  la  guardian  of  the  Merida  convent  and  com- 
Nacion  in  Mexico  City,  Dr.  Scholes  photo-  missary  general  of  Yucatan,  as  ecclesiastical 
graphed  a  number  of  documents  dealing  judge  ordinary  in  accordance  with  the 
with  French  attacks  on  Yucatan  and  Cam-  papal  bulls  which  allowed  the  Franciscan 
peche  which  contain  a  large  amount  of  prelates  to  exercise  such  jurisdiction  where 
new  material  concerning  French  depreda-  there  was  no  bishop.  As  in  all  such  in- 
tions  there  and  also  supply  hitherto  un-  stances,  the  main  interest  of  the  ecclesi- 
known  details  illustrating  the  cooperation  astical  authorities  was  in  the  heretical 
between  French  and  English  corsairs  in  beliefs  of  the  culprits,  and  their  crimes 
their  voyages  to  the  Guinea  coast  and  of  robbery  and  arson  were  investigated 
thence  to  the  Spanish  Main,  during  which  merely  as  proof  of  their  pernicious  lack 
they  engaged  both  in  illicit  trade  and  in  of  orthodoxy.  Because  of  this  attitude,  the 
outright  piracy.  The  most  extensive  of  records  of  this  trial  and  of  those  of  other 
these  documents  make  an  interesting  addi-  Frenchmen  tried  in  later  years  before  the 
tion  to  the  known  accounts  of  Francis  Tribunal  in  Mexico  City  are  tantalizingly 
Drake's  voyage  to  the  Indies  of  1571,  when  difficult  to  use  for  our  purposes.  No  at- 
he  apparently  joined  with  the  French  for  a  tempt  was  made  to  compile  a  complete 
time  in  harassing  the  Spaniards  at  the  account  of  their  piracies.  The  examina- 
Chagre  River.  These  papers,  which  con-  tions  of  culprits  and  witnesses  were  all 
sist  of  the  trials  by  the  Tribunal  of  the  based  on  the  desire  to  find  out  whether 
Holy  Office  in  Mexico  City  of  a  number  the  accused  belonged  to  the  followers  of 
of  French  corsairs  captured  at  Cozumel  in  Martin  Luther  (to  the  Spaniard  of  that 
1571,  supplement  the  accounts  given  in  time  the  term  "Lutheran"  included  all 
Miss  I.  A.  Wright's  Documents  concern-  Protestants),  whether  they  had  shown  in 
ing  English  voyages  to  the  Spanish  Main,  word  or  deed  any  disrespect  for  the  teach- 
1569-1580  (The  Hakluyt  Society,  Second  ings  of  the  Holy  Mother  Church,  and 
Series,  No.  LXXI,  London,  1932)  of  the  whether  they  had  committed  sacrileges, 
operations  of  the  English  and  French  on  In  Yucatan  in  the  early  months  of  1560 
the  coast  of  Tierra  Firme  in  that  year.  fear  and  hatred  of  the  foreign  heretics 
The  first  time  the  French  appeared  in  had  not  yet  reached  the  heights  to  which 
Yucatan  was  in  the  port  of  Campeche  in  they  were  to  mount  within  a  very  short 
1559  after  attacks  on  Santa  Marta,  Car-  time.  Local  citizens  were  appointed  to 
tagena,  and  Puerto  de  Caballos.  Although  defend  the  Frenchmen  and  seem  to  have 
the  details  are  not  clear,  it  seems  that  they  taken  fairly  seriously  their  obligation  to 
were  driven  back  to  Yucatan  by  a  storm  present  a  good  case  for  their  charges,  aided 
and  voluntarily  gave  themselves  up,  stat-  in  this  by  prudent  professions  of  penitence 
ing  that  they  had  received  news  of  the  for  their  errors  on  the  part  of  the  accused, 
peace  between  France  and  Spain.  Some  of  The  sentence  imposed  public  penance,  var- 
them  were  sent  to  the  viceroy  in  Mexico  ying  according  to  the  degree  of  guilt,  and 
City,  and  we  do  not  know  what  was  done  only  one  man  was  condemned  to  corporal 
about  this  group.  The  chief  account  we  punishment.  In  addition  to  public  pen- 
have  of  this  incident  is  in  the  Inquisition  ance,  he  was  sentenced  to  100  lashes  and 
trial  of  twelve  who  remained  in  Yucatan,  one  year  of  service  in  the  Merida  cathedral. 
The  Tribunal  in  Mexico  City  had  not  Whether  any  of  these  men  were  able  even- 
then  been  created,  and  proceedings  were  tually  to  return  to  France  is  a  question, 
instituted    by    Fray    Francisco    Navarro,  The  names  of  some  appear  on  a  list  in  the 
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Cathedral  of  Mexico  City,  where  they  are  vessel  which  was  on  its  way  to  Honduras 

described  as  heretical  pirates  reconciled  in  with  a  cargo  of  manias,  wax,  and  honey, 

the  year  1560.  A   few    days   later    some   of   the   French 

In    August    1561    the    Spaniards    were  landed  at  Sisal  and  went  inland  as  far  as 

greatly  alarmed  by  an  attack  on  Campeche  Hunacama.    A   force    sent   from   Merida 

by  three  ships  from  Dieppe.   The  inhabi-  when  the  alarm  was  given  was  too  late  to 

tants  of  the  villa   fled   to  the  bush,   and  overtake  them,  and  shortly  thereafter  Gov- 

some   of   the   French    went   ashore,   took  ernor  Cespedes  sent  three  boats  to  search 

everything  of  value  they  could  lay  their  for   them.    During   the   following   weeks 

hands  on,  set  fire  to  the  town,  and  carried  the   corsairs   were   reported   from  various 

off  five  women.  About  fifteen  citizens  and  places,  and  in  late  May  they  turned  up  at 

an  equal  number  of  soldiers  from  Florida,  Conil,   where   they   seized   a   vessel  from 

who    had    arrived    opportunely    the    day  Trujillo,  Honduras,  with  a  cargo  of  wine, 

before,  went  out  in  pursuit  of  the  French  oil,   and   other   merchandise.    Some   days 

and  were  able  to  kill  some  and  take  five  later  about  twenty  of  the  pirates  were  sur- 

prisoners.  The  rest  fled  to  their  ships  in  a  prised  at  Ecab  by  a  force  sent  out  from 

small    boat,    leaving   their   booty   behind.  Valladolid.  The  French  ships  sailed  away, 

The  prisoners, were  hanged  without  delay,  and  the  men  who  had  been  left  behind  fled 

and  warnings  were  despatched  to  Vera-  along  the  coast  to  Pole.   Meanwhile  a  sec- 

cruz.  ond  force  was  sent  from  Merida  to  aid 

Although  no  other  major  incidents  oc-  the  one  from  Valladolid,  but  by  the  time 

curred  on  the  coasts  of  the  peninsula  until  they    reached    Pole    the    Frenchmen    had 

1571,  from  1561  on  the  Spanish  residents  crossed  to  Cozumel,  where  the  Spaniards 

were  greatly  concerned  about  the  danger  finally   overpowered   them.    Nine   or  ten 

from  such  attacks.  Throughout  the  rest  of  were  killed  in  the  battle,  and  ten  were 

the  century  representations  were  made  to  taken  prisoner.    Four  of  the  latter  were 

the  Crown  at  frequent  intervals,  urging  tried  and  hanged  in  Merida  by  the  civil 

the  need  of  fortifying  the  more  vulnerable  authorities,  but  we  have  no  record  of  the 

points,  especially  the  villa  of  Campeche,  proceedings.    The  other  six  remained  in 

and  of  providing  arms  and  munitions  for  Yucatan  until  they  were  sent  to  Mexico 

defense.   It  was  not  until  the  early  seven-  City  in  1572  to  the  newly  established  Tri- 

teenth  century,  however,  that  the  fortifica-  bunal  of  the  Holy  Office.    The  mass  of 

tions  at  Campeche  were  begun,  although  confusing  testimony  in  the  cases  against 

various  defense  measures  of  lesser  impor-  these  men  touches  on  their  exploits  from 

tance   were   adopted   from   time   to   time,  the  time  they  sailed  from  Honfleur  until 

Such    information    as    we    have    for    the  they  were  deserted  by  their  companions  at 

period  1562-1570  comes  from  widely  scat-  Ecab.     Their    confessions    show    that    all 

tered  sources;  these  accounts  are  usually  were  natives  of  Normandy  and  that  some 

brief  and  unsatisfactory  and  often  give  no  had  taken  part  in  the  Civil  Wars  in  France 

dates  or  exact  detail.  on  the  Huguenot  side.  So  much  prejudice 

In  1571,  however,  the  citizens  of  Yuca-  and  vengeful  feeling  enters  into  the  testi- 

tan  again  had  the  satisfaction  of  capturing  mony  against  them,  and  their  own  admis- 

some  of  the   Norman   heretics   who   had  sions  are  so  colored  by  their  efforts  to  make 

kept  them  so  uneasy  about  their  vulnerable  a  favorable  enough  impression  upon  the 

coast    line.    French    corsairs    appeared    at  Inquisitor  to  save  their  skins  if  nothing 

Cozumel  during  Holy  Week  and  seized  a  more,  that  it  is  difficult  to  determine  just 
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what  can  be  relied  upon  as  fact.  The  study 
of  these  papers  is  still  in  its  preliminary 
stages,  but  after  comparing  them  with  the 
documents  published  by  Miss  Wright  and 
her  valuable  introduction  to  them,  it  is 
already  clear  that  these  Frenchmen  be- 
longed to  the  same  group  who  were  harass- 
ing the  coast  of  Tierra  Firme  independ- 
ently and  with  Drake  in  1571,  for  many 
names  and  events  correspond. 

French  corsairs  continued  to  turn  up  in 
the  vicinity  of  Yucatan  until  the  early 
1590's,  for  besides  preying  on  local  ship- 
ping, they  found  the  stretches  of  sparsely 
inhabited  coast  useful  when  it  was  neces- 
sary for  them  to  put  in  for  repairs  or  to 
obtain  food  supplies  from  the  Indians. 
Most  of  the  information  we  have  about 
their  activities  after  1571  is  of  the  same 
sketchy  and  unsatisfactory  nature  as  that 
for  1 562-1 570,  but  there  is  no  doubt  that 
the  necessity  for  being  constantly  on  the 
alert  against  them  was  a  continual  prob- 
lem for  the  residents  of  Yucatan.  By  the 
end  of  the  century  the  French  incursions 
in  the  Yucatan  area  had  practically  ceased, 
and  the  great  period  of  the  English  and 
Dutch  buccaneers  was  dawning. 

In  addition  to  his  study  of  the  pre- 
Spanish  history  of  the  Acalan,  Mr.  Roys 
has  investigated  the  implications  of  this 
material  for  the  history  of  northern  Yuca- 
tan and  Tabasco.  The  Acalan  ruling  class 
was  a  mobile  group,  presumably  from 
Tabasco  originally,  and  the  bearers  of  a 
more  or  less  modified  Mexican  culture. 
During  the  course  of  the  narrative  that 
has  come  down  to  us,  they  moved  first 
from  northeastern  Yucatan  to  the  Usuma- 
cinta  River,  and  finally  to  the  Candelaria 
basin  in  southwestern  Campeche,  where 
they  carried  on  an  extensive  commerce 
reaching  from  the  Gulf  of  Mexico  to  the 
Caribbean  Sea. 

On  the  basis  of  the  native  historical 
legends,  the  observations  of  the  first  Span- 


iards, and  the  results  of  modern  archaeo- 
logical investigations,  a  tentative  effort  has 
been  made  to  trace  the  effects  of  an  intru- 
sive Mexican  culture  in  the  northeast  and 
along  the  Caribbean  coast  of  the  Yucatan 
peninsula,  as  well  as  in  Tabasco. 

Though  the  influence  of  this  culture  is 
evident  in  all  three  regions,  it  appears  to 
have  been  strongest  in  Tabasco,  where, 
even  within  the  Chontal  area,  a  number 
of  Nahuatl-speaking  towns  existed.  In 
Acalan  it  lessened  somewhat;  and  in 
northern  Yucatan,  although  its  effects  are 
evident,  it  appears  in  a  much  more  atten- 
uated form,  particularly  during  the  period 
immediately  preceding  the  Spanish  con- 
quest. 

Acalan  was  closely  associated  with  Ta- 
basco, where  the  same  Chontal  language 
was  predominant.  Comparatively  little 
information  has  come  down  to  us  con- 
cerning the  latter  area  until  very  recently, 
but  with  the  aid  of  a  number  of  early 
Spanish  documents  brought  to  light  by 
Dr.  Scholes,  it  has  been  possible  to  draw 
a  more  intelligible  picture  of  this  rich 
and  important  country,  as  it  was  at  the 
time  of  the  Spanish  conquest.  In  addition 
to  our  previous  general  knowledge  of  the 
visits  of  merchants  from  Mexico,  we  are 
informed  of  their  warehouses  in  certain 
Chontal  towns  and  of  the  retail  distribu- 
tion of  goods  from  these  depots  to  the 
consumer.  More  detailed  information  is 
now  available  concerning  the  activities  of 
the  Tabasco  traders,  who  ranged  from 
southern  Veracruz  to  the  Ulua  River  in 
Honduras,  and  of  the  Yucatecan  Maya 
towns  in  various  parts  of  the  peninsula, 
whose  merchants  had  also  established  fac- 
tories in  the  latter  area.  The  historical  im- 
portance of  Tabasco  has  become  increas- 
ingly apparent  with  the  growing  belief 
among  archaeologists  that  the  Mexican 
invaders    who    so    strongly    influenced    a 
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great  part  of  the  Maya  area  passed  largely 
by  way  of  this  region. 

It  has  long  been  known  that  nearly  all 
the  Chontal-speaking  towns  in  Tabasco 
have  been  designated  only  by  Mexican 
names  ever  since  the  conquest;  but  it  is 
surprising  that  the  documents  give  only 
Nahuatl  personal  names  for  the  inhabi- 
tants of  these  towns.  In  the  case  of  con- 
verts this  often  became  a  surname  and 
was  preceded  by  a  Christian  name.  In  the 
Acalan  records,  however,  the  place  names 
are  all  Chontal,  but  the  personal  names 
are  a  mixture  of  Chontal  and  Mexican,  the 
latter  often  in  a  corrupted  form.  Some  of 
these  cast  new  light  on  a  number  of  Yuca- 
tecan  Maya  names  of  doubtful  origin.  A 
tentative  analysis  of  an  early  Tixchel  list 
of  tributaries  will  be  presented  as  an  ap- 
pendix to  the  forthcoming  volume  on 
Acalan-Tixchel. 

As  yet  this  list  is  the  earliest  extensive 
compilation  of  native  names  from  the  low- 
land Maya  area  that  has  come  down  to  us. 
The  ethnological  and  sociological  impli- 
cations have  been  studied,  and  it  offers 
certain  puzzling  features.  Chief  among 
these  is  the  apparent  evidence  of  a  much 
stronger  tendency  toward  matrilocal  resi- 
dence than  we  should  expect  in  this  region. 
Some  possible  explanations  have  been  sug- 
gested, but  these  are  not  conclusive,  and 
the  attempt  has  been  principally  to  formu- 
late the  problem  involved. 

United  States  History 

L.  F.  Stock,  J.  J.  Meng 

The  editing  of  volume  VI  of  the  Pro- 
ceedings and  debates  of  the  British  Par- 
liaments respecting  North  America  has 
progressed  with  many  interruptions  and 
discouragements,  which  are  to  be  expected 
during  wartime,  when  libraries  and  offices 
must  be  placed  under  emergency  restric- 
tions.   But   the   work   has   gone   forward 


and  this  volume  of  the  series  is  expected 
to  be  ready  for  the  press  during  the  com- 
ing year. 

It  is  not  now  possible  to  say  how  far 
beyond  1763  the  materials  will  carry.  They 
certainly  will  cover  all  parliamentary  refer- 
ences to  the  Seven  Years'  War  and  through 
the  concluding  peace  of  Paris.  It  is  hoped 
that  the  limits  of  the  volume  will  permit 
also  the  inclusion  of  the  record  of  the  pas- 
sage of  the  Stamp  Act  through  Parliament. 
The  materials  on  this  subject  have  been 
made  ready  for  the  printer,  but  the  anno- 
tations are  not  yet  completed,  and  the 
mass  of  text  covering  the  act  is  so  abun- 
dant that  it  may  not  be  possible  to  carry 
the  volume  so  far,  especially  since  the 
French  and  Indian  War  was  likewise  the 
subject  of  extensive  action  and  debate  in 
both  houses. 

It  is  likely  that  during  the  coming  year 
some  decisions  will  be  reached  by  the 
Chairman  of  the  Division  and  the  editor 
of  these  volumes  which  may  change  some- 
what the  editorial  policy  of  presenting 
these  texts,  but  which  by  way  of  compen- 
sation will  make  more  certain  the  comple- 
tion of  the  series  in  a  form  which  will  be 
entirely  adequate  for  the  purposes  of  stu- 
dents and  writers  who  have  made  wide 
use  of  the  volumes. 

During  the  year  Mr.  Stock  has,  as  usual, 
replied  to  many  letters  asking  for  historical 
information,  and  has  given  of  his  time  to 
assist  research  workers  who  have  come  to 
Washington.  He  was  made  an  honorary 
member  of  the  American  Catholic  His- 
torical Society,  Philadelphia,  and  an  ad- 
visory editor  of  the  new  historical  journal, 
The  Americas.  He  has  lectured  twice  (in 
Washington  and  Philadelphia)  on  phases 
of  his  work.  He  represented  the  Institu- 
tion at  the  inauguration  of  the  Rt.  Rev. 
Patrick  J.  McCormick  as  rector  of  the 
Catholic  University  of  America. 
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The  past  year  saw  the  publication  of 
volume  II  of  the  Guide  to  materials  for 
American  history  in  the  libraries  and  ar- 
chives of  Paris,  dealing  with  the  archives 
of  the  Ministry  of  Foreign  Affairs.  Vol- 
ume III,  including  descriptions  of  various 
military  and  naval  archives,  is  complete  in 
manuscript.  The  fourth  volume  of  this 
series  is  all  but  finished,  requiring  but  a 
few  weeks'  work  to  bring  it  to  an  end. 
It  deals  with  the  National  Archives,  and 
lists  the  Acts  of  Sovereign  Power,  extracted 
from  various  depositories  and  described  as 
a  unit.  Work  on  the  fifth  and  final  volume 
will  be  started  before  the  summer  is  over. 

Difficulties  of  printing  and  binding  will 
prevent  publication  and  distribution  of 
volumes  III,  IV,  and  V  until  the  conclu- 
sion of  hostilities,  or  until  the  book-manu- 
facturing situation  is  eased  somewhat. 
The  complicated  task  of  editing  and  re- 
search is  being  continued  by  Dr.  John  J. 
Meng  under  the  direction  of  Dr.  Waldo  G. 
Leland. 

History  of  Science 

George  Sarton 

Introduction  to  the  history  of  science. 
The  manuscript  of  volume  III  was  com- 
pleted at  the  end  of  1943  and  accepted  for 
publication  by  the  Institution  in  February 
1944.  Its  preparation  for  the  printers  has 
entailed  many  additional  queries  and 
minor  investigations.  As  the  book  is 
enormous  and  the  indispensable  indexes 
will  require  considerable  time,  it  can  hardly 
appear  within  the  next  academic  year,  but 
we  hope  it  may  appear  before  the  end 
of  1945. 

Editing  of  Isis.  Government  orders  con- 
cerning the  economy  of  paper  decreased 
the  capacity  of  Isis,  yet  publication  in 
double  columns  compensated  to  some  ex- 
tent for  that  decrease  and  we  were  able 


to  publish  four  numbers  (nos.  96  to  99), 
including  35  main  articles,  41  notes,  64 
reviews,  and  1430  bibliographic  items,  il- 
lustrated with  5  plates  and  46  figures  in 
the  text.  It  has  not  yet  been  possible  to 
resume  the  publication  of  Osiris. 

The  proofreading  and  editing  of  Isis  arc- 
taken  care  of  by  Dr.  A.  Pogo,  who  also 
conducts  many  investigations  not  only  for 
Isis  and  the  Introduction,  but  also  for  other 
departments  of  the  Institution.  He  con- 
tinued his  correspondence  with  members 
of  our  and  other  institutions,  on  calen- 
darial  and  astronomical  subjects;  this 
correspondence  involves  the  preparation  of 
tables  and  of  diagrams,  the  editing  of  type- 
scripts, etc. 

Ancient  science  down  to  Epicuros.  As 
Dr.  Sarton  had  foreseen  that  some  time 
would  elapse  between  the  submission  of 
the  manuscript  of  volume  III  of  the  Intro- 
duction and  the  arrival  of  the  first  proofs, 
he  began  the  redaction  of  a  new  book 
devoted  to  the  origins  and  development 
of  Greek  science  to  the  end  of  the  fourth 
century  b.c  The  best  part  of  the  summer 
of  1944  was  devoted  to  the  most  difficult 
chapters,  dealing  with  Egyptian,  and  Baby- 
lonian science.  As  soon 'as  the  proofs  of 
volume  III  begin  to  arrive,  the  writing  of 
this  work  will  have  to  be  stopped  until 
publication  of  that  volume. 

This  book  on  ancient  science  will  com- 
plete volume  I  of  the  Introduction,  which 
began  with  Homer.  The  account  of  pre- 
Hellenic  science  is  entirely  new  and  the 
treatment  of  Hellenic  science  differs  from 
that  in  volume  I  of  the  Introduction,  in 
which  attempt  was  made  to  speak,  how- 
ever briefly,  of  every  scientist  and  of  every 
scientific  achievement.  In  the  new  volume 
no  attempt  is  made  to  cover  the  whole 
ground,  but  the  most  important  subjects 
will  be  discussed  more  thoroughly. 
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Publications 
Margaret  W.  Harrison 

The  eighth  volume  of  "Contributions  to 
American  Anthropology  and  History" 
(Publication  546)  was  completed  and  dis- 
tributed early  in  1944.  In  the  preceding 
six  months  the  last  three  papers  in  this 
.  volume  were  preprinted:  Explorations  in 
the  Motagua  Valley,  Guatemala  (no.  41), 
by  A.  Ledyard  Smith  and  A.  V.  Kidder; 
The  astronomical  tables  of  the  Maya  (no. 
42),  by  Maud  W.  Makemson,  of  the  De- 
partment of  Astronomy,  Vassar  College; 
and  The  Mercado,  Chichen  Itza,  Yucatan 
(no.  43),  by  Karl  Ruppert. 

Although  printing  was  finished  in  De- 
cember 1943,  the  binding  of  Ralph  L. 
Roys'  The  Indian  background  of  colonial 
Yucatan  (Publication  548)  was  delayed  by 
war  demands  until  May  1944.  This  vol- 
ume, first  in  a  series  of  historical  studies 
on  the  Maya  area,  will  be  followed  by 
Acalan-Tixchel:  a  contribution  to  the  his- 
tory of  the  Chontal  Indians  of  southwest- 
em  Campeche,  the  text  of  which  is  now 
being  written  by  France  V.  Scholes  and 
Mr.  Roys  in  collaboration. 

Three  major  publications  are  in  press. 
For  Tatiana  Proskouriakoff's  album  of 
Maya  architecture  and  sculpture  (Publica- 
tion 558),  thirty-six  gravure  plates  have 
been  printed,  and  fifty-eight  details  and 
sketches  and  a  map  have  been  engraved. 
The  text  is  ready  for  composition,  and 
it  is  expected  that  the  book  will  go  to 
final  press  in  September.  The  illustrations 
for  The  Maya  Indians  of  east-central  Quin- 
tana  Roo  (Publication  559),  by  Alfonso 
Villa  R.,  are  engraved,  and  proof  of  the 
text  has  been  received.  Composition  has 
begun  on  The  textiles  of  highland  Guate- 
mala (Publication  567),  by  Lila  M. 
O'Neale,  professor  of  decorative  art  at  the 
University  of  California,  Berkeley. 

Dr.  Kidder  has  almost  finished  writing 


the  manuscript  of  his  report  on  Kaminal- 
juyu  and  much  of  it  has  been  edited.  A 
report  on  El  Baul,  Guatemala,  has  been 
received  from  J.  Eric  S.  Thompson  for 
publication  as  a  Contribution  to  American 
Anthropology  and  History. 

Volume  I  of  "Notes  on  Middle  Ameri- 
can Archaeology  and  Ethnology"  closed 
in  December  1943  with  the  addition  of 
nine  papers  since  last  year's  report.  Title 
page,  table  of  contents,  and  index  accom- 
pany the  volume,  which  comprises  notes 
1-30.  Two  numbers,  as  well  as  the  index, 
came  from  the  editor  of  the  series,  J.  Eric 
S.  Thompson,  and  one  from  Dr.  Kidder, 
all  listed  in  the  bibliography  at  the  end  of 
this  report.  Specialists  outside  the  Institu- 
tion contributed  the  remaining  papers: 
The  periods  of  tribute  collection  in  Mocte- 
zuma's  empire  (no.  23),  by  R.  H.  Barlow; 
Notes  on  Glyph  C  of  the  lunar  series  at 
Palenque  (no.  24),  by  Heinrich  Berlin; 
Notes  on  a  west  coast  survival  of  the 
ancient  Mexican  ball  game  (no.  26),  by 
Isabel  T.  Kelly;  Animal-head  feet  and 
a  bar\  beater  in  the  middle  U sumacinta 
region  (no.  27)  and  New  photographs 
and  the  date  of  Stela  14,  Piedras  Negras 
(no.  28),  by  Linton  Satterthwaite,  Jr.,  of 
University  of  Pennsylvania  Museum;  and 
A  vase  from  Sanimtaca,  Alta  Verapaz, 
Guatemala  (no.  30),  by  Elsie  McDougall. 
Volume  II  began  in  January  with  two 
numbers  by  Stanley  H.  Boggs:  A  human- 
effigy  pottery  figure  from  Chalchuapa, 
El  Salvador  (no.  31)  and  A  preconquest 
tomb  on  the  Cerro  del  Zapote,  El  Sal- 
vador (no.  32).  Heinrich  Berlin  supplied 
A  tentative  identification  for  the  head 
variant  for  eleven  (no.  33),  and  Karl- 
Heinz  Nottebohm  contributed  A  possible 
lunar  series  on  the  Ley  den  Plate  (no.  34). 

Mr.  Thompson  published  in  March  1944 
a  second  paper,  The  fish  as  a  Maya  symbol 
for    counting    and   further   discussion    of 
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directional  glyphs,  in  the  series  "Theo- 
retical Approaches  to  Problems,"  of  which 
he  is  editor. 

The  second  volume  of  the  Guide  to  ma- 
terials for  American  history  in  the  libraries 
and  archives  of  Paris    (Publication   392) 


was  issued  in  January.  Working  under 
the  general  editorship  of  Waldo  G.  Leland, 
John  J.  Meng  has  compiled  and  edited  the 
material  for  this  volume  as  well  as  for  the 
remaining  ones  in  this  series,  which  will 
be  cumulatively  indexed  when  completed. 
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Marion  E.  Blake,  Bradford,  Vermont.  Preparation  of  a  monograph  on  ancient  Roman 
construction  based  on  the  material  accumulated  by  the  late  Dr.  Esther  B.  Van 
Deman.    (For  previous  reports  see  Year  Books  Nos.  38  to  42.) 


The  year  1 943-1 944  has  brought  the 
monograph  based  on  the  research  of  Dr. 
Esther  Van  Deman  to  the  threshold  of 
completion.  The  preface  has  been  written. 
The  entire  text  has  been  worked  over  for 
the  elimination  of  needless  repetition  and 
the  discrepancies  inevitable  in  a  study  carr 
ried  on  over  a  period  of  years.  Only  a 
few  odds  and  ends  await  final  investiga- 
tion. Frequent  summaries  within  the  text 
have  obviated  the  necessity  of  a  final  chap- 
ter of  recapitulation.  Consequently  the  en- 
tire text  is  practically  in  final  form.  Prac- 
tically all  references  have  been  checked. 
Significant  quotations  from  the  classical 
authors  have  been  added  to  the  footnotes. 
The  card  index  of  places  has  been  com- 
pleted and  checked,  and  a  second  one  of 


subject  matter  is  well  in  hand.  The  bibli- 
ography, though  still  in  card-index  form, 
is  virtually  complete.  Considerable  spo- 
radic thought  has  been  given  to  the  matter 
of  illustrations,  but  a  short  period  of  undi- 
vided attention  will  be  necessary  before  the 
final  choice  of  photographs  is  made  and 
the  plates  are  arranged  for  publication. 
In  a  certain  sense  this  whole  volume 
is  furnishing  merely  the  necessary  back- 
ground for  the  study  of  the  brick-faced 
concrete  of  imperial  Rome,  which  was 
Dr.  Van  Demands  chief  contribution  to 
archaeological  discovery.  It  is  greatly  to 
be  hoped  that  it  may  be  followed  in  the 
not  too  distant  future  by  a  second  volume 
dealing  with  the  masonry  of  the  imperial 
period,  for  which  it  has  paved  the  way. 
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John  C.  Merriam,  President  Emeritus,  Carnegie  Institution  of  Washington.    (For  pre- 
vious reports  see  Year  Books  Nos.  20  to  42.) 


In  reports  on  President  Emeritus  re- 
search of  recent  years,  effort  has  been 
made  so  far  as  possible  to  bring  to  con- 
clusion work  on  problems  involving  tech- 
nical detail  which  should  be  made  of 
record  for  use  in  future  related  researches. 
It  is  assumed  that  the  conclusions  from 
interlocking  results  attained  in  a  wide 
variety  of  researches  have  large  impor- 
tance. It  has  also  been  considered  as  of 
relatively  large  importance  to  examine  the 
conclusions  from  these  researches  in  the 
light  of  their  bearing  upon  major  human 
problems.  Though  it  is  realized  that  in 
last  analysis  the  value  of  any  results  which 
may  be  discussed  will  depend  upon  accu- 
racy and  adequacy  of  conclusions,  it  is  also 
true  that  the  values  derived  from  varying 
types  of  researches  frequently  have  greatly 
increased  value  when  they  are  brought 
into  relation  to  one  another  with  particular 
reference  to  their  use  in  consideration  of 
human  relations. 

Relative  Importance  of  John  Day 
Project 

As  has  been  indicated  in  earlier  reports, 
one  of  the  largest  and  most  widely  reach- 
ing fields  of  study  toward  which  the  in- 
vestigations of  the  past  years  have  been 
devoted  is  that  relating  to  the  group  of 
problems  presented  by  the  John  Day 
region  of  eastern  Oregon,  these  studies 
having  been  carried  on  for  a  period  now 
amounting  to  more  than  forty-five  years. 
In  the  report  of  1942-1943,  development 
of  the  program  in  its  major  phases  was 
outlined  both  as  to  results  already  ob- 
tained and  as  to  the  future  of  these  re- 
searches as  they  were  being  developed  in 


the  hands  of  a  number  of  outstanding 
investigators.  There  are  left,  therefore,  for 
consideration  at  the  present  time  mainly 
general  questions  having  to  do  with  ulti- 
mate significance  of  the  John  Day  pro- 
gram, the  steps  which  have  been  taken  to 
safeguard  the  work  of  the  future,  and  the 
relation  of  these  investigations  and  their 
results  to  the  educational  program  of  the 
state  of  Oregon. 

The  John  Day  region  of  Oregon  con- 
tributes much  to  our  understanding  of  a 
large  group  of  factors  involved  in  the 
general  field  of  geological,  geographical, 
and  historical  features  of  America.  From 
the  purely  scientific  point  of  view,  it  fur- 
nishes with  exceptional  clearness  the  story 
of  a  considerable  portion  of  geological 
time,  involving  actually  most  of  the  sec- 
tions of  time  known  as  the  Tertiary  and 
the  Quaternary.  Although  there  are  other 
regions  in  which  the  geological  story  pre- 
sented has  at  least  a  comparable  extent 
through  time,  there  are  few  if  any  areas 
in  which  the  elements  of  the  chapters 
presented  are  so  nearly  continuous  and 
in  which  the  varied  features  are  so  closely 
linked. 

It  happens  also  that  the  picture  of  earth 
history  furnished  by  the  John  Day  region 
represents  an  area  which  was  in  its  location 
intermediate  between  what  is  now  the 
great  interior  or  plains  area  of  America, 
and,  on  the  other  side,  the  extremely  in- 
teresting and  important  section  now 
known  as  the  Pacific  coast  region  of  North 
America.  From  another  point  of  view, 
the  John  Day  region  is  important  in  that 
it  shows  as  interlocked  or  interfingered  a 
series    of    chapters    of    geological    history 
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which  present  on  one  hand  the  story  of 
sedimentation,  represented  by  various 
types  of  water-laid  and  wind-laid  forma- 
tions, and  on  the  other  hand  a  vast  ac- 
cumulation of  materials  which  represent 
igneous  activity  in  various  forms,  and  the 
types  of  rocks  which  such  processes  pro- 
duce. Again,  this  region  presents  a  very 
spectacular  series  of  chapters  in  the  history 
of  the  earth  through  representation  of  land 
life  of  the  western  half  of  the  continent 
for  a  very  long  period,  in  which  extensive 
and  interlocking  records  were  formed,  pre- 
serving for  our  examination  long  series 
of  remains  of  life  types  expressing  the 
evolutionary  development  of  forms  rang- 
ing from  a  large  variety  of  plants  up  to 
and  through  wide  groups  of  the  higher 
animals,  including  carnivores,  herbivores, 
and  other  types  in  abundance. 

From  still  another  point  of  view,  the 
John  Day  region,  viewed  as  an  expression 
of  forms  of  nature,  shows  us  a  wide  range 
of  art  values  in  scenic  features  character- 
istic of  what  is  commonly  known  as  a 
semiarid  or  desert  region.  Wide  stretches 
of  semiarid  and  highly  sculptured  land- 
scapes show  certain  land  forms  in  their 
most  striking  moods.  With  these  varied 
aspects  of  form  there  is  also  a  play  of 
light  and  shade  which  is  seen  more  effec- 
tively in  the  desert  than  in  any  other 
region,  and  in  many  areas  there  is  the 
added  contribution  of  great  variety  in 
color.  To  the  student  of  varying  forms 
and  striking  landscapes  of  the  arid  or 
semiarid  type,  the  John  Day  region  will 
have  much  to  contribute  as  a  source  of 
elements  of  interest  and  beauty  needed  in 
our  education  on  aspects  of  nature. 

Classification  of  Activities  Relating  to 
Organized  John  Day  Studies 

As  indicated  in  the  report  of  1 942-1 943, 
major  objectives  of  the  John  Day  program 


are  as  follows:  (1)  the  continuance  of 
research  activities  upon  problems  of  im- 
portance relating  to  that  region  for  so  long 
a  time  as  such  investigations  may  appear 
technically  and  humanly  profitable;  (2) 
organization  of  activities  relating  to  con- 
tribution of  John  Day  materials  to  the 
educational  plan  of  the  state  and  of  the 
nation;  (3)  protection  for  scientific,  educa- 
tional, and  economic  uses  of  major  fea- 
tures of  the  John  Day  region,  which  for 
their  highest  values  should  be  safeguarded 
under  authority  of  the  state. 

By  authority  of  the  Board  of  Higher 
Education  of  the  state  of  Oregon,  espe- 
cially through  the  interest  of  Chancellor 
Frederick  M.  Hunter,  there  has  been  set 
up  a  committee  known  as  the  Advisory 
Board  on  Educational  Problems  of  Par\s 
in  Oregon,  which  has  as  its  primary  func- 
tion investigation  of  questions  having  to 
do  with  educational  and  scientific  prob- 
lems arising  out  of  the  study  of  natural 
features.  In  recognition  of  the  importance 
of  work  which  has  developed  in  the  John 
Day  region  with  relation  to  research  and 
education,  the  Advisory  Board  has  become 
sponsor  for  an  organization  designed  to 
give  highest  value  to  work  in  that  area. 
The  various  activities  relating  to  the  John 
Day  region  are  supervised,  under  the  main 
Advisory  Board,  by  an  Executive  Commit- 
tee consisting  of  Warren  D.  Smith,  chair- 
man; L.  S.  Cressman,  vice-chairman;  E.  L. 
Packard,  and  R.  W.  Chaney.  Its  main 
objectives  are  those  outlined  above,  namely, 
promotion  of  research,  publication  of  ma- 
terials of  general  interest  to  the  public,  and 
preservation  and  protection  of  the  major 
features  of  interest. 

Of  these  three  activities,  that  designed 
to  promote  continuation  of  research  for 
the  future,  so  far  as  this  may  be  desirable, 
has  centered  in  the  setting  up  of  a  body 
known  as  the  John  Day  Associates,  com- 
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prising  persons  who  have  been  associated  S.  H.  Boardman,  superintendent  of  Ore- 
with  the  work  and  with  one  another  in  gon  State  Parks;  Judge  Robert  Sawyer, 
the  past  or  who  will  be  related  to  it  in  formerly  member  of  the  Highway  Com- 
the  future.  It  is  assumed  that  new  mem-  mission  and  one  of  the  principal  promoters 
bers  will  be  appointed  by  this  body  as  of  the  state  park  system  of  the  state  of 
persons  are  found  showing  specific  interest  Oregon;  and  E.  P.  Leavitt,  superintendent 
in  John  Day  problems  and  qualified  to  of  Crater  Lake  National  Park.  Activities 
carry  research  forward  on  a  high  level,  relating  to  this  objective  must  of  necessity 
So  important  has  this  particular  group  develop  through  action  by  the  State  High- 
appeared  that  it  has  been  given  special  way  Commission,  which  includes  the  or- 
status  by  action  of  the  Board  of  Higher  ganization  and  supervision  of  state  parks 
Education.  As  now  organized,  there  are  as  a  part  of  its  responsibility.  In  the  state 
eleven  or  twelve  members,  of  whom  L.  S.  highway  group,  S.  H.  Boardman,  superin- 
Cressman,  of  the  University  of  Oregon,  tendent  of  State  Parks,  has  been  extremely 
is  executive  officer.  The  group  includes  a  interested  and  active  in  development  of  a 
number  of  distinguished  investigators,  program  for  protecting  what  seem  to  be 
among  whom  are  R.  W.  Chaney,  Howel  the  highest  values  in  the  John  Day  region. 
Williams,  E.  L.  Packard,  Ira  Allison,  John  The  State  Highway  Commission  has 
P.  Buwalda,  Chester  Stock,  and  L.  E.  Det-  been  interested  and  sympathetic  in  carry- 
ling.  The  John  Day  Associates  will  not  ing  forward  this  program  in  such  manner 
improbably  become  one  of  the  most  im-  as  to  make  ultimate  action  fully  effective 
portant  agencies  in  the  state  of  Oregon  for  the  future.  The  state  already  has  title 
for  the  advance  of  research,  and  may  estab-  to  about  1500  acres  of  land  in  the  John 
lish  a  pattern  for  corresponding  groups  Day  region,  representing  some  of  the  out- 
having  as  their  function  the  continuing  of  standing  scientific,  educational,  and  scenic 
research  activities  relative  to  regions  or  features,  and  there  is  under  consideration 
features  for  which  one  may  not  expect  the  the  securing  of  several  thousand  acres  ad- 
whole  of  any  program  to  be  worked  out  ditional,  which  it  is  hoped  may  be  so 
or  completed  within  less  than  a  generation,  organized  as  to  bring  the  various  special 

The  group  designed  to  give  attention  to  values  within  a  few  unified  areas  so  that 

preparation  of  simple  but  accurate  and  in-  they  can  be  administered  and  utilized  to 

teresting  publications  which  may  be  made  best  advantage.   Fortunately,  the  elements 

available  to  the  people  of  the  state  and  of  of  greatest  interest  in  the  John  Day  re- 

the  nation  has  been  organized  with  four  gion   are  located   in  or  along  the  valley 

members,  R.  W.  Chaney,  Howel  Williams,  of   the   John   Day   River,  through   which 

E.  L.  Packard,  and  J.  C.  Merriam,  with  there  passes  a  fine  state  highway,  making 

R.   W.    Chaney,   a   distinguished   investi-  it   possible    so   to   group   the   features   of 

gator,  thoroughly  familiar  with  the  whole  greatest  interest  that  they  may  not  only  be 

John  Day  program,  as  chairman.  protected  effectively,  but  may  be  accessible 

The  third  group,  concerned  with  prob-  readily  to  the  public, 
lems    having    to    do    with    protection    or  It  is  important  to  note  that  there  is  a 

preservation   of   areas   or   features   of  the  strong  undercurrent  of  interest  in  develop- 

John  Day  region  possessing  special  scien-  ment  of  activities  of  this  character  in  the 

tific  and  educational  importance,  will  be  state  of  Oregon,  and  that  one  may  depend 

guided  by  a  committee  including  R.  W.  ultimately    upon    the    interest    and    good 

Leighton   as  chairman;   L.   S.  Cressman;  judgment  of  the  citizens  of  the  state  in 
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furthering  whatever  tends  to  bring  about 
the  best  education  of  the  people  relative 
to  the  features  of  nature  which  are  par- 
ticularly interesting  and  important. 

Appeal   of   Natural   Features   of    John 
Day  to  the  Public 

In  the  last  analysis,  the  interest  of  the 
public  in  these  features  by  the  path  of 
what  may  be  called  self-education  must  be 
recognized  as  one  of  the  most  important 
avenues  for  approach.  It  is,  therefore,  de- 
sirable to  inquire  what  the  influence  of 
characteristic  features  of  the  John  Day  may 
be  upon  visitors  who  have  not  had  scien- 
tific training. 

A  large  part  of  the  scientific  and  human 
value  of  the  John  Day  region  is  due  to  the 
fact  that  the  things  of  particular  interest 
are  rather  closely  grouped  along  the  walls 
of  the  John  Day  Canyon.  The  visitor 
finds  that  the  canyon  walls  exhibit  a  con- 
siderable number  of  formations  appearing 
as  a  complicated  picture,  with  the  parts 
in  the  same  relation  to  one  another  now 
that  they  had  when  they  were  formed  in 
past  geological  periods.  The  fact  that  this 
long  and  complicated  story  is  presented 
clearly  and  realistically  by  the  original  for- 
mations, with  their  contents,  is  so  striking 
that  it  attracts  attention  and  invites  inquiry 
on  the  part  of  all  who  visit  the  area. 

In  entering  the  John  Day  Valley,  atten- 
tion of  the  visitor  is  commonly  attracted 
first  of  all  by  the  fact  that  the  region  is 
essentially  a  sharply  cut  canyon,  evidently 
excavated  by  the  river.  He  also  observes 
in  the  walls  the  cross  section  of  many 
groups  of  rocks  which  appear  to  be  steps 
in  building  the  mass  of  strata.  These  sec- 
tions of  the  accumulated  pile  are  seen  to 
vary  considerably  in  character  and  in  posi- 
tion with  relation  to  one  another. 

Almost  unavoidably  it  is  realized  that 
the   topmost  group  of  layers,   which   are 

16 


in  general  practically  horizontal,  seem  to 
be  continuous  in  whatever  direction  one 
follows  them  up  to  the  region  of  Picture 
Gorge.  This  formation  is  seen  to  be  made 
up  of  an  alternation  of  hard  and  soft 
layers.  The  harder  layers  will  by  most 
persons  be  recognized  as  rock  of  a  type 
abundant  in  the  Northwest,  generally 
known  as  lava,  or  the  cooled  remains  of 
great  flows  of  once  melted  rock.  The 
softer  parts  are  in  general  of  the  character 
of  volcanic  ash  or  mud.  These  lava  flows 
form  a  striking  scenic  feature  of  this  entire 
region. 

The  layers  beneath  the  lava  flows  vary 
considerably  in  thickness,  in  color,  in  tex- 
ture, and  in  position,  some  being  prac- 
tically horizontal  and  others  sharply  tilted. 
The  contact  between  these  layers  is  some- 
times of  such  a  nature  as  to  make  it  evi- 
dent that  the  upper  part  of  a  layer  had 
been  removed  before  the  next  succeeding 
one  was  laid  down  upon  it. 

In  other  regions  of  the  John  Day  coun- 
try, as  at  Picture  Gorge,  the  great  lava 
flows  have  been  bent  downward  sharply 
so  as  to  form  a  wide  trough,  in  which 
later  formations  have  been  deposited,  thus 
continuing  the  geological  story  practically 
up  to  the  present  time.  Fortunately  these 
later  formations  are  also  cut  by  the  John 
Day  Valley,  so  that  their  story  is  seen  as  a 
continuation  of  that  in  the  rocks  below 
the  great  lava  flows. 

If  the  visitor  extends  his  study  of  this 
region  sufficiently  far  to  include  examina- 
tion of  materials  entombed  in  the  various 
formations  of  the  John  Day  Valley,  he  finds 
in  these  rocks  many  remains  representing 
the  skeletons  or  hard  parts  of  various  kinds 
of  animals  that  inhabited  the  region  when 
these  formations  were  being  laid  down. 
Among  these  remains  many  types  of  life 
are  represented,  ranging  from  the  lower 
forms   to   higher  animals   including   such 
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creatures  as  horses,  camels,  rhinoceroses,  to   us   what   we  recognize   commonly   as 

sabre-tooths,    and    mastodons.     In    other  evolutionary  series. 

layers  will  be  found  clear  impressions  of         It   is   evident   that   we   not   only   have 

the   stems   and   leaves   with   flowers   and  still   to    learn   the   ways   in   which   these 

fruit  of  many  kinds  of  plants.  things  of  interest  in  nature  may  be  pre- 

It  is  evident  to  the  visitor  that  there  is  sented  to  visitors  most  effectively,  but  in 
here  a  series  of  rock  formations  which,  addition,  in  many  cases  we  have  still  to 
having  come  into  their  present  position  in  learn  what  the  problems  mean  in  the  sense 
ages  past,  have  remained  in  the  relation  of  scientific  interpretation.  In  a  relatively 
to  each  other  which  they  occupied  at  the  large  number  of  cases  it  appears  that  what 
time  they  were  laid  down.  It  is  seen  that  is  most  needed  now  may  be  more  intensive 
the  position  of  these  formations  with  rela-  research,  with  clear .  expression  of  the  re- 
tion  to  one  another  expresses  changes  in  suits,  so  that  the  interpreter  may  feel  sure, 
the  surface  of  the  earth  as  affected  by  first  of  all,  that  he  understands  what  the 
movements  of  the  earth's  crust  in  past  question  means  fundamentally  in  terms  of 
periods.  Examination  shows  also  that  the  science;  and,  second,  that  he  is  aware  of 
varying  materials  of  which  the  several  interests  which  may  be  developed  by  visit- 
formations  are  composed  reflect  climatic  ors;  and,  third,  that  he  envisages  a  method 
and  other  physical  conditions  that  obtained  by  which  the  nature  of  the  problem,  the 
in  this  region  at  the  time  these  layers  were  setting  of  the  special  features  considered, 
being  deposited.  and  the  point  of  view  of  the  visitor  may 

A  fairly  careful  study,  such  as  could  be  all  be  linked  in  such  manner  as  to  make 

carried  out  by  any  person  of  intelligence,  possible   the  appreciation   and  enjoyment 

would  show  also  that  the  remains  of  life  of  these  aspects  of  nature, 
in  the  several  formations  are  not  uniformly         The  value  of  the  natural  features  in  the 

distributed,  but  the  types  in  each  series  of  John  Day  region  is  of  special  importance 

layers  are  somewhat  different  from  those  in  connection  with  education  of  the  public, 

in  the  strata  above  and  below.  This  succes-  by  reason  of  the  fact  that  the  story  as  a 

sion   of  remains   presents,  then,   the   evi-  whole  illustrates  basic  principles  underly- 

dence  of  a  gradually  changing  series  of  ing  the  development  or  evolution  of  the 

living  creatures  in  this  region.    That  the  earth.    To  the  average  interested  person 

change  was  gradual  is   indicated  by  the  these  things  are  likely  to  have  significance 

fact  that  types  of  life  in  adjacent  beds  are  also  as  bearing  upon  questions  concerning 

frequently  similar,  in  other  words  are  only  development    of    the    human    family    or 

different  forms  of  the  same  group.    The  group.   It  becomes,  therefore,  desirable  to 

varying  characteristics  of  the  related  life  ascertain   so  far  as  this  may  be  possible 

types  in  the  successive  formations  repre-  the  more  fundamental  meaning  of  these 

sent  changes  through  the  ages  which  are  natural  features.  In  nearly  all  cases  where 

commonly  described  as  evolution.  we  examine  closely  into  the  significance 

We  find,  then,  here  a  clearly  shown  sue-  of  natural  phenomena,  we  find  that  our 

cession  of  formations  in  which  the  mate-  understanding  is  evidently  not  fully  ade- 

rials  indicate  in  some  measure  the  chang-  quate,  and  beyond  the  field  of  our  vision 

ing  physical  conditions  under  which  the  there   appear   to   be   certain   fundamental 

rocks  were  formed,  and  in  these  forma-  values  which  we  interpret  only  in  part, 

tions  we  obtain  remains  of  types  of  life  It  seems  clearly  a  responsibility  of  science 

varying  through  the  ages,  and  presenting  at  this  time  to  attempt  to  get  a  clearer 
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understanding  of  the  basic  truths  under- 
lying natural  phenomena,  and  to  develop 
a  better  statement  as  to  the  relation  of 
what  we  know  to  the  fundamental  things 
that  are  only  partly  revealed. 

Outstanding  Values  of  John  Day 
Features 

We  find,  then,  that,  among  many  other 
things  of  value,  acquaintance  with  the 
John  Day  Valley  contributes  three  things 
of  exceptional  importance:  first,  the  view 
of  a  spectacular  scenic  area;  second,  some 
understanding  of  problems  involved  in 
building  of  the  earth;  and,  third,  a  vision 
of  the  history  of  life  and  its  evolution  seen 
in  relation  to  the  processes  of  earth  build- 
ing and  shaping. 

Spectacular  scenic  values.  The  scenic 
values  of  the  John  Day  Valley  are  impor- 
tant both  in  relation  to  development  of 
certain  aspects  of  artistic  representation  of 
that  region,  and  because  scenic  features 
not  uncommonly  are  in  part  an  expression 
of  great  underlying  forces.  It  is  important 
to  give  opportunity  for  consideration  of 
scenic  values,  lest  in  the  effort  to  construe 
what  is  seen  in  terms  of  science  the  values 
of  the  artistic  and  aesthetic  and  sublime 
be  overlooked. 

Problems  of  earth  building.  The  prob- 
lems of  earth  building  as  presented  in  the 
John  Day  area  are  extremely  significant, 
by  reason  of  the  fact  that  an  exceptional 
story  of  closely  connected  elements  repre- 
senting events  in  earth  construction  has 
been  preserved  through  a  long  series  of 
stages  in  building  and  shaping  of  this 
portion  of  the  earth's  crust,  to  be  held 
together  finally  and  protected  until  the 
whole  section  was  opened  to  view  by 
cutting  of  the  John  Day  Canyon. 

Whereas  in  many  places  on  the  earth 
we  find  extremely  important  and  wonder- 
fully expressed  sequences  of  stages  in  earth 


building,  these  examples  are  commonly 
spread  out  over  considerable  areas,  so  that 
study  of  the  details  must  be  approached 
by  mapping  and  measurement  of  the  for- 
mations in  order  that  the  data  may  all  be 
assembled  for  a  review  of  the  stages  pre- 
sented in  the  landscape.  But  in  the  John 
Day  Valley  this  longer  story  is  presented 
to  us  in  spectacular  clifr  sections  so  fitted 
together  as  to  lead  to  an  unavoidable  series 
of  conclusions  such  as  is  rarely  possible 
in  geological  work.  In  the  John  Day  sec- 
tion we  not  only  see  the  final  statement  of 
a  geological  story  of  earth  building,  but 
we  have  opportunity  also  to  examine  in 
detail  nearly  all  the  processes  involved, 
with  particular  relation  to  their  expression 
of  physical  laws  which  we  recognize  as 
practically  unvarying  and  dependable 
through  time  and  space.  Although  the 
problem  of  earth  building  as  presented 
by  the  John  Day  Valley  is  complicated, 
and  might  in  some  ways  be  said  to  be 
difficult  of  comprehension,  it  is  neverthe- 
less presented  in  such  clear  manner,  owing 
in  part  to  the  imprint  of  that  phase  of  the 
picture  which  we  call  scenic  value,  that 
the  principal  elements  of  the  story  are 
carried  over  to  the  person  of  average  in- 
telligence with  a  measure  of  conviction 
which  is  generally  satisfying,  and  which 
is  not  shaken  by  further  investigation. 

History  of  life  and  its  evolution.  In  the 
great  field  of  constructive  ideas  which 
have  been  brought  into  being  through 
cooperation  of  science  and  philosophy  and 
education  in  recent  generations,  there  is 
perhaps  no  concept  or  point  of  view  that 
has  had  greater  influence,  either  in  theory 
or  in  immediate  human  practice,  than  has 
the  broad  philosophy  of  evolution,  seen  as 
the  growth  of  the  living  world  through 
time  with  the  continuing  tendency  to  de- 
velopment of  more  intelligent  and  more 
effective  forms  of  life.  Although  this  view 
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of  movement  of  the  living  world  is  based  idea  that  life  through  the  ages,  under  the 
upon  ideas  from  many  fields  of  biology,  guidance  of  whatever  power  there  is  be- 
geology,  and  philosophy,  it  appears  that  hind  nature,  has  tended  to  lin\  the  ele- 
the  fundamental  idea  as  it  presented  itself  ment  of  continuity  with  change,  develop- 
to  Darwin  rested  mainly  upon  what  he  ment,  and  progress. 
had  found  in  a  great  succession  of  geo- 
logical formations  in  which  the  types  of  Addresses  by  Dr.  Merriam 
life  were  seen  to  change  from  age  to  age.  «perspective  0£  time  and  change  in  rela- 
In  other  words,  the  theory  was  basically  ^  tQ  ^  ^  language>»  address  be£ore 
biological,  but  was  read  out  of  the  paleon-  Af£a    and    Language    group    of    military 

tological-geological  book.  students,  University  of  Oregon,  Eugene, 

In  recent  periods  the  theory  of  evolution  0regon?  September  2I?  ^ 

has  had  enormous  influence  upon  a  vast  Address  Qn   recent  research  [n  eastem 

range   of   things   in   the   scientific,   philo-  Qregon?   be£ore   geology„geography    semi. 

sophic,  and  also  the  practical  world  about  ^  University  o£  Oregon,  Eugene,  Ore- 

us.    It  is  not   improbable   that  the   most  gQ^  April  ^  ^ 

important  applications  are  yet  to  be  made,  «Exploration  in  the  John  Day  region  of 

when,   after   the   present   emergency,   the  ^^  0regon;>  Natural  History  Society 

world   begins   to   find   itself,   and   to   see  q£  Eugene?  0regon>  Apfil  ^  ^ 

that  development  of  close  relations  among  "Science  and  revelation,"  Friends  of  the 

human   groups   can    ultimately    be   based  Library?  Eugene,  Oregon,  May  6,  1944. 

upon  the  solid  rock  of  relationship  of  the  Radio  address  on  "Science  and  the  world 

whole  human  family,  as  shown  by  study  of  order)»  with  H  G  Townsend  and  Warren 

its  descent  or  development  or  evolution.  If  j)  Smith  May  18   1044. 

what  is  stated  in  this  paragraph  justifies  "Development    of    cultural    and    social 

itself,  then  we  may  properly  consider  that  values    through    relation    of    science    to 

one  of  the  most  important  contributions  other  major  fields  of  activity,"  talk  before 

of  the  whole  John  Day  story  as  we  see  journalism    class,    University    of    Oregon, 

it  is  that  which  gives  us  a  vision  of  life  Eugene,  Oregon,  May  22,  1944. 

through  the  ages,  changing  from  stage  to  "Exploration  in  the  John  Day  region  of 

stage,    showing    at    the    same    time    con-  eastern    Oregon,"    Oregon   Roadside   De- 

tinuity,  variation,  and  development.  fense  Council,  Portland,  Oregon,  May  26. 

There   are   many   places   in   the   world  1944. 
where  parts  of  this  story  may  be  read  with  Discussion     on     "Major    objectives     of 
assurance  of  accurate  interpretation.  There  national  parks  as  illustrated  by  activities 
are  few  if  any  regions  where  the  story  is  of   Crater   Lake   National   Park,"   before 
seen  more  clearly,  and  with  a  more  effec-  staff  of  Crater  Lake  National  Park,  Crater 
tive  picture  of  the  background,  than  is  true  Lake,  Oregon,  August  16,  1944. 
in  the  John  Day   section.    It  is  not  im- 
probable that  future  generations  will  make  BIBLIOGRAPHY 
of  that  region  a  Mecca,  to  which  will  come  Merriam,  John  Campbell.    Science  and  revela- 

„ 1        1     •       fc                 -.1     a   ■  tion.   The  Call  Number,  University  of  Ore- 
many  who  desire  to  see  with  their  own  .                  .      \              y 

1           r                1                      ■  1       1  g°n>  vo1-  5,  no.  3   (1944). 

eyes  and  to  form  judgments   with  their     Major    objectives    of    national    parks. 

own  minds  upon  the  significance  of  the  Memorandum  distributed  privately   (1944). 
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